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APT COMPANIONS 
TO MUREX ELECTRODES- 


ENGINEERED TO GIVE YOU 
BETTER WELDER PERFORMANCE 


You'll experience entirely new arc welder performance—faster 


welding, better quality welds, lower power costs, and less main- 


tenance—with the new, up-to-the-minute M & T AC and DC arc 
welders. 


AC units feature Built-in Capacitors for low operating cost... 
Fingertip, Stepless Current Control for precise welding current... 
Wide Current Range plus Ample Overtravel for full rated output 
with long electrode leads. Furnished in 200 to 500 amp models 
for manual work; others for inert arc and automatic welding. 


DC units are Compact and Lightweight... half as big and half 


as heavy as older types... yet are built for full capacity, rugged 


industrial duty ... and are equipped with Automatic Current 
Selector. Available in 150 to 400 amp models—motor-driven, 
engine-driven, belt-drive. 


M & T welding machines go hand in hand with M& T's “Select 70" 


group of electrodes and with M & T accessories to provide 
everything needed for arc welding ... arc welding of top-notch 
quality. Write today for descriptive data. 


METAL 2 THERMIT CORPORATION 


120 Broodwoy * New York 5,N. Y. 


FACTS AVAILABLE 
ON “SELECT 70” 


ESCRIPTIVE literature covering 

mild steel, low alloy and special 
steel, stainless steel, hard surfacing 
and build up and other special elec- 
trodes is available to those requesting 
full information on M & T’s 
“SELECT 70’’— seventy electrodes 
designed to cover all arc welding re- 
quirements— AC or DC, all-position 
or downhand work welding of mild 
steel, low alloys and stainless steels 
as well as hard surfacing and building 
up of worn parts. 

Literature is brief but compre- 
hensive, covering specifications, 
properties and applications for each 
electrode. Copies available on request 
received on company letterhead. Ad- 
dress Metal and Thermit Corporation, 
120 Broadway, New York 5, N. Y. 


ACCESSORY 
DIVIDENDS DECLARED 


the importance of 4 
proper accessories to top weld- 
ing performance, more and more fab- 
ricators are taking pains with selec- 
tion of accessories. Speedier, lower 
cost, safer and improved welding are 
assured when such items as helmets, 
shields, holders, connectors, cleaning 
tools and protective clothing are care- 
fully selected. And more and more 
fabricators— sold on M & T electrode 
and arc welder performance — are 
specifying the M & T line of “‘acces- 
sories to the perfect weld.” For de- 
scriptive literature, address Metal and 
Thermit Corporation, 120 Broadway, 
New York 5, N. Y. 
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Industrial 
300 
and 
500 

ampere 
sizes 


Built for use on 
single phase, 
220/440 voit 
power lines. 


For manuol or automatic welding 
operctions, experienced users of 
A.C. welders are choosing Hobart 
to step up production, lower oper- 
ating costs 

Easier operation, increased weld- 
ing speeds, high quolity welds in 
oll positions—these are but a few 
of many benefits. Get the ful! 
story. Use coupon or write. 


HOBART Brothers 
Company, BoxWJ-79, Troy, 


est builders of orc welders” 


Ohio. “One of the world’slarg- | 


Hobart D. 


Liberal design, conservative 
ratings and extra capacity to 
meet all conditions add up to 
more welding per day. 


Production, maintenance and 
general shop welding can be 
done faster and better than 
you ever thought possible with 
Hobart Electric Motor Driven 
D.C. Welders. 


Made for light work or heavy 
in 150, 200, 300, 400 and 600 
ompere sizes, either stationary 
or portable. It will pay you to 
write for more information or 
use convenient coupon below. 


Portable mountings available 
at small additional cost. 


“One of the world’s largest builders of arc welders”’ 


200 amp. A.C. 
Utility 


Arc Welder 


HOBART TRAINS WELDORS 


‘ IT’S EASY TO LEARN WELDING. 
FOR BEGINNERS 

AND EXPERIENCED OPERATORS. 

The Hobort Trade School is a non-profit insti 


tution dedicated to the advancement of better 
welding 


learn lotest technique quickly, economi- 
cally and thoroughly. Fully approved under 
Bill. 

Write for complete details or use 
the coupon at right! 


Practical Design Books 
A wealth of ideas for prac 
tical arc welding design 

Three big volumes of 100 
Designs each show money- 
saving helps to better weld- 
\ing. Also charts, symbols, 


etc. Price each Volume $3.50. 
Order your set of 3 Volumes 


$10.00. Return in 5 days if 
not more than satisfied 


electric 
e drive 


HOBART 


Weldmobile 


Gas drive, self-propelled 
Are Welder 


Avoids costly delays and ex- 
pensive tie-ups by getting to 
the job quickly and making 
repairs. 


One 6-cylinder gasoline engine 
furnishes power for both weld- 
ing and transportation in this : 
unique, 300 ampere copacity 
D.C. Welder. Space also pro- 
vided for oxy-acetylene equip- 
ment. Check coupon for full 
details. 


HOBART BROTHERS CO., Box W4-79, 
Troy, Ohio, U. S. A. 


Om, 


LET THIS HOBART 
200 AMP. GAS ORIVE 
SPEED VPANO S/MPLIFY 

YOUR OUTDOOR WELDING 
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Hos all the exclusive 
Hobart advantages 
which make for faster, 


easier, better welding 
Driven by a 4-cylinder 
industrial type engine, 
self-starter equipped, 
it’s the biggest volue 
in D.C. welders today 


Larger capacity gas 
drive welders also 
available. Use the 
coupon for full data. 


HOBART 
BROTHERS CO. 
Box WJ-79,Troy, 0. 


HOBART 


. .. make it easy to weld 


it right and operate at high- 
er speeds without difficulty 
whether you are using A.C, 
or D.C. Welders 

On light work or heavy, 
overhead or down hand— 
there's ac HOBART electrode 
mode to give you better re 
sults. Write for somples and 
moke your own comparison 
test: 
HOBART Bros. Co., Box Wd-79 
Troy, Ohio, U. S. A. 
“One of the world's largest 
builders of arc welders"’ 


HOBART BROTHERS CO., BOX ‘WJ.79, TROY, OHIO 


Please send full data on items checked on right. Also send ° 


17) 


books [) Vol. | [) Vol. 1! [J Vol. 


Design™’ 


Our work is___ 


Enclosed check 


USE 
THIS 


Practical 


NAME 


FIRM 


ADDRESS 


coupon N 


New... Complete 
HOBART 
Welder Catalog 


Send Arc Welder Catalog 

Send Hobart Electrode Catalog 
Send Hobart Accessories Catalog 
A.C. industrial Type Welders 
A.C. Utility Transformer Welder 
Motor Driven D.C. Welders 

Gas Engine Driven D.C. Welders 
Hobart Weldmobile 

Hebart Welding Trade School 
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“140” MONEL ELECTRODE 


Now you can weld Monel directly to steel! 


A newly dev eloped Ince electrode 
now makes it possible to apply a 
Monel weld dep« sit directly to steel 
without interfacing. This means. 
for many shops. a considerable sav- 
ing in time, labor, and material cost. 
Welds made with this new elec- 
trode are sound and ductile: cap- 
able of meeting various code re- 
quirements. 
The “1 


are recommended for the following 


Monel* electrodes 


applications: 
Welding Lukens Monel -Clad Steel 
(clad side). 
Overlaying Monel on steel. 


Joining Monel to steel. 
“140° Monel electrodes, for use 


with DC reversed polarity, are sup- 


plied in these diameters: 3/32”, 
3/16". Your near- 
est Inco distributor stocks them. 

For complete information about 
Inco’s welding materials, send for 


the latest catalog. *trade mork 


Guided bend test specimen of welded overlay 
made with new 140" Monel electrode directly 
on 3” by 6" by 24" stee! plate Note the excel! 
lent ductility and adherence of the deposit 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Well Street, New York 5, N.Y. 
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There’s No Holding 


MALLORY 


For Resistance Welding Electrode 


HOLDERS 


Those who know resistance 
welding know they can 


confined, inner recesses 


The Paddle Type Holder 


Here’s a new design specially created to get at 


The “KO” Leak-Proof Holders 


Another piece of welding history written by Mallory is this line of leak 

proof holders. Uses standard size O-Rings in place of ordinary packing. 
« Complete assembly, ine luding internal parts, made of copper alloy brass 

or stainless steel. Prevents rust or corrosion that could interfere with 
water flow or easy ejector action 


depend on Mallory for 
holders specially designed 
and proved to do_ better 
jobs. Put these new proved 
designs to work for you 
without delay. Write for ad- 
ditional information. 


made tips 


conditions 


The Bench Type Holder 


Here’s another big “first” from Mallory—the only holder for bench type 
It permits a variety of resistance welding that offers complete versatility in adjustment using 
positions to speed up operations in inaccessible standard packaged electrodes. Has 180 
places. Standard button-type tips of various designs 


locking under full operating pressures. Eliminates need for special hand- 
can be used on top or bottom of the holder. 


wre 


The Light-Duty Universal Offset Holder 


Here’s the light duty holder that is Mallory’s solution to 
getting at those hard-to-reach spot welds. Incorporates 
standard button-type tips of various designs. Efficient 
water cooling insures maximum tip life under severe 


4 complete research laboratory and engineering department equip 
Mallory to serve you best. See Mallory first—and get the best! 


Resistance Welding Tips, Holders, Dies, Rod and Bars, Castings, Forgings 


ALLORY 


P. R..MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 


range of head adjustment, positive 


SERVING INDUSTRY WITH 


Capacitors Rectifiers 
Contacts Switches 
Controls Vibrators 


Power Supplies 


Resistance Welding Materials 
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BETTER DEPOSITS, FASTER...AND LESS COST 


Many manufacturers and job shops faced with the problem of hard-facing a large 
quantity of parts — similar in shape and size — are finding they can do the job faster 
and at less cost with mechanized equipment. Deposits made by the mechanized process 
are smooth and uniform. They are economical to finish-grind or machine because of 
their smoothness, and they can be made with less hard-facing rod. 

Illustrated below are two instances of how mechanization speeded up production 
schedules and held costs down. 


FOUR TIMES FASTER — Hard-Facing 
Knives — used in the agricultural industry. 
When these knives were hard-faced manu- 
ally, two separate deposits had to be made 
and the normal production rate was 20 bars 
a day. With the mechanized set-up illus- 
trated, parallel deposits are made simultane- 
ously and the preduction rate is 10 bars an 
hour—or four times faster. 


23 PER CENT LESS ROD USED-Hard- 
Facing 24 in. Steam Valve Seat Rings. These 
rings are 1% in. wide, 134 in. high and 24 in. 
in diameter. The groove to be faced is % in. 
deep and 44 in. wide. The average time for 
facing one ring is thirty minutes, using 24, 
lb. of hard-facing rod. Prior to mechaniza- 
tion the normal schedule was much slower, 
with 314 lb. of hard-facing material deposit- 
ed on each ring. 


For full details on mechanized hard-facing write to Haynes Stellite 
Company, Kokomo, Indiana, pioneers of this new production technique. 
If you are doing production welding now, ask for a service engineer to call. 


Haynes Stellite Company 


Unit of Union Carbide and Carbon Corporation 
UCC) 
General Offices and Works, Kokomo, Indiana 
TRADEMARK Paw Sales Offices 


VEL € Chicago — Cleveland — Detroit— Houston 
Les Angeles — New York — San Francisco — Tulsa 


The registered trade-mark, ‘‘Haynes’’ distinguishes products of Haynes Steilite Company. 
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These Welders Prog 


in less time 


duce 


Model 240: 12-ton Worthington-Ransome Welding Positioner 


ee... sure way to drive production 
costs down and meet competitive 
prices is to have a Worthington- 
Ransome positioner ‘“‘handle’’ the 
work. Your welder can then get 
more arc time out of each work- 
ing hour. 

All welds, either manual or au- 
tomatic, can be made in the eco- 
nomical ‘‘downhand”’ position, us- 


= => 


ing heavier electrodes, for better, 
neater, quicker welds. 

The full line of Worthington- 
Ransome positioning equipment 
includes Positioners with capaci- 
ties from 100 lbs to 20 tone; and 
Turning Rolls with capacities 
from 3 tons to 75 tons, 
both stationary and 
self-propelled. 


WORTHINGTON 


WORTHINGTON PUMP AND MACHINERY 


Welding and Assembly Positioning Equipment Division — 


_ DUNELLEN, NEW JERSEY 


Model 5: 500 Ib Worthington- 
Ransome Welding Positioner 


Model IP: 100 Ib Worthington- 
Ransome Welding Positioner 


Model 400: 20-ton Worthington- 
Ransome Welding Positioner 


Welding Positioners 
Turning Rolls 


Wr, 


Worthington Pump and Machinery Corp 
Dunellen, N. J. 

Please send Bulletin 210C on Worthirgioa 
Ransome Welding Positioners. 

NAME ..... 


COMPANY 


ADDRESS 
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by O. B. J. Fraser 


HIS is indeed a notable occasion. It is the Tenth 

Annual Ohio Welding Conference, and it marks the 

75th Anniversary Celebration of a great educa- 

tional institution, the Ohio State University. It is 
also a notable event in the thirtieth year of another 
great organization, the AMERICAN WELDING Society. 
It is fitting indeed that the six Ohio Sections of the 
A.W.S. are cooperating in the conference. 

The future of welding is a pleasant vision to contem- 
plate; that of the AMERICAN WELDING Society, while 
possibly very slightly dimmed by uncertainties of the 
times, seems certain also to be bright. The two go 
hand-in-hand, but we may think of them separately, 
and thus I shall discuss them, not profoundly nor all- 
inclusively; just some comments, as they have come to 
me, that I hope will high light some prospects for the 
futures of welding and the Socirry. 

There can be no doubt that there is a bright future 
ahead for welding. It is scarcely oversimplification to 
say that even now welding is the generally accepted 
way in which to join metal parts to each other. True, it 
is not the only way, but it is certainly the most desir- 
able way in most cases. 


THE WELDING PROCESSES 


We should have the definition of a weld in our minds 
at this time. According to the second, or 1942, edition 
of the Welding Handbook, a weld is “a localized con- 
Webster’s 


dictionary, says to weld is “to unite or consolidate me- 


solidation of metals by a welding process.” 


tallie parts by (1) heating to a plastie or fluid state the 
surfaces of the parts to be joined and then allowing the 
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This paper was presented at the Tenth Annual Ohio Welding Conference 
Columbus, Ohio, April 7, 1949 
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The Future of Welding and the A.W.S. 


® A bright future is predicted for welding and the Society 
and the basis for this prediction is clearly outlined 


The Future of 


metals to flow together with or without the addition of 


other molten metal, or (2) by hammering or compres- 
sion with or without previous softening by heat.” We 
will keep within those limits, and, so that all may be 
pleased, we will have something to say about each of 
the three major types of welding processes. 

Metallic are welding, of course, is firmly established 
in almost every type of metal fabrication excepting 
very light-gage work. To a very large extent it has 
driven mechanical jointing to cover and has made 
fabrication from wrought shapes sharply competitive 
with castings for many structural elements, both large 
and small. This strongly advantageous position can be 
expected to continue, and we may look confidently to 
progress in those fields of construction where welding 
has not yet achieved the popularity which is its due. 
Inevitably sound economics and good engineering 
sense shall prevail. 

Atomie hydrogen and inert-gas shielded are welding 
are lusty youngsters, blood relatives of metallic are 
welding, that will grow and go far. 

Gas welding, long an important process, is a very 
potent factor in industry now, and will be in the fu- 
ture. 

Fabrication of light-gage materials by resistance- 
welding processes has become very prominent. These 
processes also have further great potentialities, and 
wide expansion in their use can be expected. 

A good friend has said, “in general terms it may be 
stated that the future of welding will parallel the future 
of the metal-working industry.” If the one prospers so 
also will the other and in like degree. 


RAILROAD WELDING 


Let us look for a moment or two at transportation. 
The railroads and railroad equipment ndustries have 
accepted welding enthusiastically, and we can look for- 
ward to fairly early disappearance of riveted equipment 
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from these fields. Wooden freight cars now in service 
should be replaced before long by cars of welded steel. 
In car building today, both manual and automatic 
are welding are used in meeting the Interstate Com- 
merce Commission’s requirement for continuous weld- 
ing in the center sill. Side sheets are spot welded to 
frame posts, and often are are welded at the bottom 
edges to the bottom element of the car frame. 

The low-alloy, high-strength steels which are being 
used to an increasing extent for both freight and pas- 
senger car construction, are either are or spot welded. 
The use of resistance welding in the construction of 
stainless steel passenger cars is too well known to call 
for extended comment. Its future is assured. 

The steam locomotive has not yet given up com- 
pletely to the Diesel. Currently, there are some 25 or 
more welded low-pressure boilers undergoing practical 
operational tests on five major railroads. This is 
strictly in the development class as yet; it has 1-C.C. 
appreval only for the development test program. Most 
of the joints were produced by automatic submerged- 
melt welding. Seal welding of firebox staybolts is be- 
coming a very popular practice; by eliminating bolt 
leakage it has resulted in increased life of side sheets. 
One of the larger railroads is fabricating, by welding, 
evlinders and cross heads out of rolled and forged see- 
tions. 

Practically all Diesel-locomotive underframes are 
fabricated by manual or automatic submerged-melt 
welding. Diesel-locomotive superstructures are man- 
ually are welded. In fabricating Diesel engines, auto- 
matic submerged-melt welding is used for the long 
seams, and manual are welding for short seams or those 
hard to reach. With the continuing Dieselization of 
railroad motive power this particular field indeed looks 
good for welding. 

Some all-welded locomotive trucks have been built, 
but further development will be required before it can 
be said that fabricated trucks have an economic ad- 
vantage over those conventionally built of cast-steel 
sections. Perhaps we may be forgiven if we venture a 
prediction that the welded truck will be the truck of the 


future. 


WELDING IN SHIP CONSTRUCTION 


During the first World War steel ships were as- 
sembled only by riveting; the shipyards were equipped 
only for riveting. In the second World War shipbuild- 
ing went ahead along different lines; only a minority of 
the ships built were riveted; and many yards were 
equipped only for welding. An authority has told me 
that now welding is the accepted procedure for ship 
fabrication. It brings with it only two major problems, 
neither of which is insurmountable. One problem has 
to do with control of steel quality, and belongs to the 
steel producers. The other is structural, and inherent 
in the monolithic nature of a ship’s hull. Shipbuilders 
have concluded that a minimum of four longitudinal, 
full ship-length riveted joints should go into the larger 
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ship’s hull to break up the great extent of flat-plate 
area, to act as crack stoppers and to permit the hull to 
have some “give” to it so that it can better withstand 
the complex stressing to which a ship is subjected in 
rough weather. 

Resistance welding of deckhouses came into the navy 
construction program prior to the second World War. 
There may well be more extensive use of this practice 
in the shipbuilding of the future. 


AUTOMOTIVE 


The automotive industry certainly has gone in for 
welding. It now occupies a major position in car body 
construction that can only fluctuate, in total volume of 
work done, with the ups and downs of the industry. 
Perhaps at some later date we will see changes in auto- 
motive power plants of a nature that will permit the 
extensive use of welding in the construction of engines 
also. A start has been made already. 

The aeronautical industries now make large use of 
various types of welding in plane construction. The 
newer types of planes call for more welding. Particu- 
larly there is a large field for it in the newer types of 
power plants, the gas turbines and jet engines. 


STRUCTURAL WELDING 


In bridge and building construction there is an open- 
ing future of major proportions. Practically all civilized 
countries have used welded structures. In this country 
welding has been carried on to some extent in these 
fields for many years; but they have barely been 
scratched as yet. 

In highway-bridge construction, certain states, 
notably Connecticut, are using welding on state- 
financed projects. On the other hand, the Public Roads 
Administration in Washington for a long time did not 
approve the welding of important joints. Things at 
Washington have changed for the better in this one in- 
stance at least, so that now welding of all joints in 
Federal-aid highway bridges is approved. 

There are several welded railroad bridges in Europe 
and we have a few welded railroad bridges in this 
country but mostly of small size. Our railroads have 
gone in pretty freely for the use of welding in strength- 
ening, repairing and altering bridges, which usually pre- 
sent tougher problems than the welding of new bridges. 
We may well ask why weren’t the bridges completely 
welded structures in the first place? Here, too, is a field 
in which the future for welding will be bright. 

If ever there was a logical place for welding it is in 
steel-frame building construction. Apart from the 
technical excellence of welding, the elimination of erec- 
tion noise is a point decidedly in its favor. The steel 
erection industry has not as yet accepted welding as 
enthusiastically as have others. It has been said that 
most municipal authorities can be persuaded to agree 
if the fabricator and the engineer on a job wish to use 
welding. 
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There are some welded-frame buildings of fairly re- 
spectable size. One, in Jersey City, N. J., is twenty- 
three stories high and another, put up a year or so ago in 
Houston, Tex., is 24 stories high. With more and more 
municipal building codes being revised to permit weld- 
ing, continuing advances in this field also can be ex- 
pected. While progress is being made in the structural 
fields, there is still a lot of educational work to be done 
with the public, government bodies, engineering organi- 
zations and construction labor. 


WELDING IN MACHINERY CONSTRUCTION 


Welding in the construction of many types of ma- 
chinery is well established and on the increase. The re- 
sults of a survey of industry are reported by T. B. Jef- 
ferson in the April 1949 issue of The Welding Engineer 
This survey has disclosed that welding is used to some 
extent in machinery fabrication in “at least 65°% of the 
machine building plants of America.” We can look 
forward with confidence not only to a material increase 
in the percentage of machinery builders using welding, 
but also, through improved designs, to a more extensive 
use of welding in the plants in which it is now used. 

Those industries in which tanks, pressure vessels and 
pressure piping are used extensively would scarcely 
Boilers, 


condensers, heat exchangers, autoclaves, reaction ves- 


think now of other than welded construction. 


sels of all sorts, storage tanks and other items and both 
ferrous and nonferrous materials are involved. The 
principal process used is are welding. Here again the 
future is bound up with the futures of the various in 
dustries; welding has the field now. 

Other industries might well be mentioned but  per- 
haps we have spent enough time on those that have 
been noted. Consider now for a few moments some of 
the future possibilities in the field of processes and 
materials. 


PROCESSES AND MATERIALS 


We can look forward surely to continuing develop- 
ment of new and more versatile are-welding electrodes. 
We may expect, for instance, a broader use of the low- 
hydrogen type of electrodes in structural-steel work, at 
the expense of the 6010 type. With all the research that 
is going on in the electrode field we can expect to see 
manual are welding become easier to do and _ less 
troublesome. With better materials, somewhat less 
skill may be required of the operator, which is all to the 
good. In automatic arc welding, the speed level of 100 
in. of seam per minute currently sought may be ex- 
ceeded several fold; our good friend A. B. Kinzel has 
predicted speeds of the order of 500 to 600 in. per 
minute. At such speeds metallurgical problems should 
disappear to a large extent, to be succeeded perhaps by 
mechanical problems. 

The use of semiautomatic, metallic are welding with 
inert gas shielding, should expand greatly, not only for 


the welding of aluminum, but also for other nonferrous 
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metals and alloys, and possibly even for steel. This 
type of welding in which no flux is required, may well 
reduce the demand for flux-coated electrodes. It will 
perhaps encroach on gas welding and atomic hydrogen 
welding also. The development of high-speed, auto- 
matic welding with consumable electrodes fed through 
an inert-gas shield and again without flux, while used 
now only for aluminum, may be expected to expand in 
the future into the welding of other metals and al- 
loys. 

Pressure welding, with the oxyacetylene flame as the 
source of heat, has had its greatest development and is 
widely used in the welding of long lengths of railroad 
rails. There may be other applications for this process 
that would broaden or simplify welded construction. 

Resistance welding will go farther afield, as time goes 
on, with more and more specialization for high produc- 
tion rates. Bigger and more complicated welding 
machines are being built. In the automotive industry, 
resistance welding on bodies is one of the most im- 
portant production practices; both spot and flash weld- 
ing are used. Other fields of conceivably broadening 
importance are fabricated steel houses and concrete re- 
inforcing. Definitely, spot welding of structural steel 
should afford considerable advantages in the fabrication 
of light-weight structures, and should be practicable for 
sections up to, say, '/2 in. in thickness. 

It has been said that ‘new types of electronic con- 
trol equipment for spot welding, such as the control of 
the slope of the rise of current, will have decided ad- 
vantages for many applications where the surface con- 
dition is likely to result in flashing beneath the tips and 
consequent short life, or in cases where a pick-up of 
metal due to alloying on the electrode contact surfaces 
is a serious matter.” 

Flash welding, like other types of resistance welding, 
is going to heavier machines, larger sections and the 
joining of dissimilar metals 

Are welding of steels is at a stage where it can no 
longer be said that certain types are not weldable. 
Practically any steel can be welded, but there are dif- 
ferences in weldability, which term we may take as 
meaning the permissible latitude in procedure control 
to ensure sound, satisfactory joints. With improve- 
ments in electrodes and a deeper knowledge of thermal 
effects on the different compositions of steel, the list 
of steels available for welding is constantly increasing. 

Until fairly recent years low-alloy steels were not 
welded commercially to any extent except for a rela- 
tively few compositions, of rather low-carbon content, 
and for applications calling for only moderate joint 
strength. The wartime developments in the welding of 
hardenable steels, such as armor plate and the struc- 
tural components of aircraft and armored vehicles, have 

extended this field greatly. Of great importance in the 
changed picture has been the development of the low 
hydrogen, or lime-ferritic electrode coatings to which 
reference has been made already. So much progress has 
been made that steels having tensile strengths of 100,000 
psi or more are being considered for use in structural 
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members where stress-relieving treatments are impracti- 
cal. Steels of this type are being considered also for 
welded pressure vessels of moderate wall thickness, to be 
used at unusually high pressures. In view of such prog- 
ress, it has been said that ‘‘the time may not be far 
distant when it will be no more unusual to list the reeom- 
mended welding procedure for each grade of steel than 
it now is to list the chemical composition and reeom- 
mended heat treatment.”’ 

In the welding of cast iron, possibly the outstanding 
development in recent years, and one which already is 
making its bid for an important future, is the advent of 
nickel-cored are-welding electrodes designed especially 
for this purpose. Contemporary developments in the 
metallurgy of cast iron suggest that we may visualize, 
for the future, considerable fabrication of structures 
from parts of ductile cast iron, or composite structures of 
cast iron and wrought steels. 


EDUCATION AND RESEARCH 


Before passing on to education and research in weld- 
ing, let us list a few things that must be kept in mind to 
assure the greatest progress in welding. We must 
strive for higher quality, greater reliability, greater 
speed and lower costs; for these we must have adequate 
controls of men, metallurgy and machines, proper codes 
for good practice and continuing education of techni- 
cians and the general public. We must be sure that 
good welding is done; on the other hand we must see 
that the progress of welding is not hampered by too 


_ rigid or too expensive requirements for production, in- 


spection and testing. There is more need for welding 
engineering. It is not sufficient simply to mark “weld” 


on the blueprint and leave the engineering up to the 


welding operator. 

Here in Columbus much is being done to improve 
our knowledge of welding not only at the University, 
where the original and only University Department of 
Welding Engineering is turning out competently trained 
welding engineers, and at the same time engaging in 
important welding research, but also at Battelle Me- 
morial Institute, where a great deal of very valuable in- 
formation on welding metallurgy has been and is being 
developed. 

There are other schools where welding is a major 
subject, and at least twenty-five educational institu- 
tions are conducting fundamental welding reseirch. In 
the more utilitarian field of applied research important 
sums are spent each year by manufacturers of welding 
machinery, gas welding wires and fluxes and are-weld- 
ing electrodes; by the producers of metals and alloys, 
and by the fabricators of all sorts of products large and 
small, from the “insides” of the smallest radio tube to 
huge machines, steam power plant equipment, oil re- 
finery equipment, transport pipe lines, bridges and 
buildings. 

Research is the foundation for all progress, and the 
future of welding will depend in very large measure 
upon the research that is going on today. The AmMeri- 
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CAN WELDING Soctery, through its sponsorship (along 
with the Engineering Foundation and several of the 
engineering societies) of the Welding Research Council, 
is in the van of research. The chairman of the Council, 
Dr. Comfort A. Adams, the senior statesman of welding, 
and the first president of the AMERICAN WELDING 
Society, together with William Spraragen, Director of 
the Council, and also a pioneer member of the Socrery, 
whom we know best perhaps in his other sphere as 
editor of THE WELDING JOURNAL, summarized the over- 
all situation in organized welding research very nicely 
in an article, ‘‘Welding Research,” published in the 
June 1948, issue of Metal Progress. A summary of 
“Welding Research Problems” was given in the research 
supplement to the December 1948, number of THe 
WELDING JOURNAL. 

There is not time for citations from those articles or 
for an extended discussion of research, but a few com- 
ments are in order on the activities of the Welding Re- 
search Council, gleaned from the latest edition, January 
1949, of the Year Book of the AMericaN WELDING 
Society. The estimated budget of the Council, for 
1949, is pretty close to $280,000; it has been of that 
order of magnitude for several past years. In addition 
to Dr. Adams and Mr. Spraragen, the Council has 
twenty-one other members, drawn from the higher 
ranks of industry. There isa University Research Com- 
mittee to organize and direct the activity on seventy- 
seven individual projects in fundamental research at 
one government laboratory and twenty-five engineering 
schools in this country, including Ohio State and Case 
Institute of Technology, and one school in Canada. 

There are other committees on Weldability, Weld 
Stresses, Peening, Fatigue Testing, Structural Steel, 
Resistance Welding, Nickel Alloys, Light Alloys, High 
Alloys, and Pressure Vessels. With so much basic re- 
search going on, supplemented of course by private re- 
search and also by that of the U. 8. Government’s Ship 
Structure Committee, a future other than bright for 
welding is not conceivable. The results of the Council's 
researches are made available to everyone. All are 
published in the Research Supplement of the AMERICAN 
WELDING Soctery’s official publication, THe WELDING 
JOURNAL. 


THE SOCIETY 
Now for the AMERICAN WELDING Sociery, and since 
some do not read constitutions and by-laws, let us start 
with a look at Article I] of the Society’s Constitution, 
which defines its objects. Article I] says: 

“The objects of the Soctery are: 

(a) Toadvance the science and art of welding. 

(b) To afford its members opportunities for the in- 
terchange of ideas with respect to the science 
and art of welding, and for the publication of 
information thereon. 

(c) To conduct research into the science and art of 
welding, cooperating with other societies, 
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associations and government departments for 

the benefit of the industry in general. 

(d) To acquire and dispose of property for the pur- 
poses aforesaid. 

e) Todoall other things incidental or conducive to 

the attainment of the above-named objects, 


or of any of them.”’ 


The whole activity of the Society is defined in the 
article just quoted. 

Who are we—what qualifications do we have for 
Membership? They are few and simple. They are 
given in Section 2 of Article I of the By-laws, omitting 
matters of rights and privileges. 

We have Sustaining Members, individuals who must 
be “interested in the art and science of welding and 
allied processes”; 

We have Members, who must be not less than 27 vears 
of age, and who must have been ‘‘for at least five years 
in responsible charge of work having a direct bearing on 
the art or science of welding and allied processes” ; 

We have Associate Members who shall be “interested 
in the art and practice of welding and allied processes” ; 

We have Student Members who must be “actually in 
attendance at a recognized College or University, taking 
a course leading to a degree”’; 

And, we have Honorary Members, strictly limited in 
number and to persons “‘of acknowledged eminence in 
the welding profession, or who may be accredited with 
exceptional accomplishments in the development of the 
welding art upon whom the AMERICAN WELDING So- 
CIETY may see fit to confer an honorary distinction.”’ 

These excerpts and abstracts from our Constitution 
and By-laws indicate that we have a Society that 
should appeal to almost everyone connected with the 
science and the commercial practices of welding and 
allied industries, and that it is not very difficult to 
achieve membership. That brings us to consideration 
of the size of the Soctery, and to point No. 1 for its 
future. 

At last count, March 31st, we had something over 
7100 members in good standing. This is a small mem- 
bership compared with the number that we should have. 
It offers an objective for a bright future upon which a 
great many of our enthusiastic fellow members are 
working. Our energetic Executive Secretary has told 
us we should have double the present membership. As 
chairman of the National Membership Committee I 
agree with him wholeheartedly. We should maintain 
continuous effort in our membership work until we do 
reach the goal—and then we should keep right on 
going. 

We have not done too badly on over-all numbers. At 
the end of 1919, the first year of the Soctery’s history, 
there were 217 members. Ten years later there were 
1016 in the fold and at the end of 1939 there were 3693. 
How many shall we have at the end of this year—at 
least 8500, I hope, or more. Our peak year, at the peak 
of the great industrial activity of the recent World War, 


was 1945, which year we finished with 8139 members. 


Frase r 


1949 


The Future of Welding and A. W.S. 627 


Our membership is cosmopolitan. It includes many 
welding operators and supervisors; there are manage- 
ment men, salesmen, engineers of many callings—elec- 
trical, mechanical, civil, chemical—metallurgists, de- 
sign men and others, even some out-and-out scientists. 
It is not a balanced membership; there are some cate- 
gories, notably in the design and draughting fields, that 
are away out of proportion to the others, and in the 
wrong direction. We are giving special thought to 
remedial measures. 

We should all be conscious of the need for larger 
membership and do what we can to interest people 
whom we know should be members but are not. We 
need a larger membership to support the Socrery’s 
activities, to avoid the necessity for curtailment in any 
direction. This is one of the slightly dim areas at which 
I hinted early in my remarks. I am sure we can achieve 
the desired results, especially if we can do a better job 
of not only bringing in new members, but of retaining 
members once secured. That is another angle to which 
much thought and effort is being given in the Sections 
and at National Headquarters. 

With mounting membership and increasing complexity 
of Sociery operations, there has come a necessity for 
some reorganization and realignment at Headquarters. 
The aim has been to develop a staff organization that 
can maintain a closer direct contact with the Sections 
than was previously possible and that can serve the 
Sections more efficiently. Our Executive Secretary has 
been practically on a continuous round of the Sections 
for the past year and a half. Our Service department is 
doing more than ever before. We see good results ac- 
cruing and hope that you do also. The Society, after 
all, is an organization for mutual benefit; all Sections 
must benefit from its activities or it is not fulfilling its 
objectives. The life of the Socrery is in its Sections, 
true enough, but that life must be stimulated by united 
Society effort. 

The united effort is not confined to the service given 
by headquarters, but includes also the Sociery’s tech- 
nical activities, its educational work, its publications 
and its annual meetings. In all of these I see only 
brightness for the future. 

In our technical activities some eighty-seven com- 
mittees and subcommittees are at work, numbering 
more than four hundred working members. There are 
twenty committees of other societies on which A.W.5. 
has official representation, The product of our tech- 
nical activities appears in our codes, standards and 
specifications, to which new items are being added each 
year. The number of such items at present is twenty- 
eight. In these activities we are building for a bright 
future for both welding and the Soctery. We are pro- 
viding with our codes and specifications, for the tech- 
nical advancement of welding, by securing the estab- 
lishment of proper welding standards—both basic 
standards and application standards. Every member 
can contribute to all this good work by reviewing pro- 
posed new standards and offering constructive comment 


and useful data. All proposed new standards are dis- 


tributed to interested parties in industry before final 
adoption, and notice of such issue is given in THE 
WELDING JOURNAL. 


The best contribution to our technical activities that 
individual members can provide is to make full use of 
our Codes and Standards themselves and to promote 
their use by others. Thus we can advance the day when 
we can be assured of sound practices and no bad weld- 
ing, without having to submit to unduly restrictive re- 
quirements by regulatory bodies. The Soctery keeps 
its Codes and Standards abreast of industrial advances 
by regular review and revision. To the end of achieving 
the desired results in practically every A.W.S. Section a 
member is designated as Technical Representative, who 
is charged with the responsibility of informing the Sec- 
tion membership of each new code, standard or specifi- 
cation, 

Three examples will suffice to illustrate the im- 
portance of the Soctery’s technical work to industry 
and the public. For instance, there has been very 
broad adoption by code-writing bodies of the A.W.S. 
Standard Qualification Procedure. Our Code of Mini- 
mum Requirements for Instruction of Welding Opera- 
tors was used by the U. 5. Office of Education as the 
basis for training more than 3,000,000 wartime welding 
operators. Our Standard Code for Are and Gas Weld- 
ing in Building Construction has been incorporated 
into the building codes of many municipalities, usually 
through the efforts of our Section officers. Such co- 
operative effort has just brought the City of Cleveland 
into the fold. 


That the A.W.S. technical organizations can be of 
great help is demonstrated by a recent experience in 
which a State Department of Architecture issued a pro- 
posed ruling that complete radiographic inspection 
would be required of all welding on school buildings. 
The Soctery was asked for its opinion. Through 
its Sections in that state, A.W.S. provided evi- 
dence that there would be no justification for the 
imposition of this prohibitively costly requirement. A 
copy of the State Building Code was reviewed at A.W.S. 
headquarters and several other revisions were suggested. 
The A.W.S. Sections were joined by the American 
Institute of Steel Construction in presenting the rec- 
ommendations. Public hearings have been held and 
there is good reason to believe that it will not be re- 
quired that every weld be subjected to radiographic 
Inspection. 


Our medium for acquainting our members with new 
developments in welding practice, and with the results 
of all the research work conducted by the Welding Re- 
search Council, is Toe JourNAL. Through 
the vears it has been considered the world’s foremost 
publication in its field. With a cosmopolitan organiza- 
tion such as ours there are bound to be widely different 
ideas about the makeup of an over-all single publica- 
tion. Responding to a considerable volume of sugges- 
tions for changes in JouRNAL makeup, several innova- 
tions have been consummated, beginning with the 
November 1948 issue. New styling, better paper and 
more types of articles have been included. The results 
have been gratifying, indeed, and congratulations are 
most certainly due to our good editor for the results he 
has achieved. An important point to be borne in mind 
is that it costs a great deal more to produce the JoURNAL 
than it did two short years ago, due in large part to the 
changes that have been made, and also to large increases 
in printing costs. That is another of the dim areas and 
one of the reasons that we must build up our member- 
ship. 

It is fitting to conclude with afew wordsabout our other 
publications. First and foremost is the Welding Hand- 
book, two editions of which have served the welding in- 
dustries well. The third edition will be out and dis- 
tributed sometime next fall, and later editions will ap- 
pear at about five-vear intervals. We can be justly 
proud of this monumental work, into the preparation of 
which has gone a tremendous amount of effort by the 
Hanpook editorial staff at headquarters, and by the 
large number of volunteer workers from our member- 
ship, who have prepared the various chapters. The 
Welding Handbook is truly a complete reference book 
on the art and science of welding. 

The Society has also brought out and distributed in 
quantity some fifteen books and technical publications, 
which have added to the fund of information in the 
Welding Handbook. 

And now, a final word for the future of the Socrery, 
with its increasingly attractive and useful publications; 
its technical activities; its services to its members, the 
welding industries and the general public and its ever- 
interesting annual meeting technical programs. There 
can be only a bright future for such an organization. In 
the words of a friend formerly in the U.S. diplomatic 
service and referring to a certain South American 
country—*We have a great future ahead of us and al- 
ways will have.” 
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INTRODUCTION 


ERHAPS no other single factor in recent practice of 

structural design has had a greater influence than 

the application of welding to steel framings. This 

influence is manifest not only in the present struc- 
tures but also in the engineering thinking for the design 
of buildings projected for the future. In order to ob- 
serve and gage the extent of changes that have taken 
place in the arrangements and types of framing, one has 
only to compare the welded-steel structures of today 
with their riveted prototypes of, say, twenty or thirty 
years ago. From the standpoiat of design, the contrast 
is equally striking. ‘Twenty years ago the simple prob- 
lem of a continuous beam constituted the limit of com- 
plexity in structural design. Today even an average 
designer would show little hesitancy to undertake the 
analysis of a rigid frame of any type or outline. Still 
pot satisfied with the gratifying results already ob- 
tained, constant efforts are being made, both by the 
welding industry and the engineering profession, to 
bring about greater improvements in the process and 
devise newer applications of the technique for increased 
economies. In the following, a review is made of the 
past and current practice and the future developments 
in the field of structural welding. A discussion is also 
given regarding new concepts and future trends in de- 


sign 


PAST PRACTICE 


In order to obtain a good perspective of current prac- 
tice, it would be helpful to briefly review the scope of 
welding utilized in structural steel framing in the early 
days of the technique, about three decades ago. 


Early Applications. The first applications of welding 


to structural framing consisted in the substitution of 
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® Past and present practice and future trends in design. The part that research 
prefabrication, examples of modern framing 


welds for rivets in the jointing or connections of small 
parts of an assembly. These parts comprised mainly 
clip angles and gusset plates. Later, with gradually 
gained confidence in the adequacy of welding, member- 
to-member connections in most framings were being 
made directly—omitting gussets and clips as inter- 
mediary links of jointing. In this particular application, 
which embraced a great deal of truss work, no attempt 
was made to alter either the outline of framing or the 
arrangement of members; that is to say, the conven- 
tional concepts and practice were being maintained. 
As was to be expected, weight savings resulting from 
such minor applications were rather small and, due to 
the relatively higher production costs prevalent during 
that period, the corresponding economies were not of 
sufficient importance to create the needed incentive for 
large-scale use of welding in structural framings. 
Obstacles and Prejudice 
factors handicapping the progress of welded construc- 


There were many adverse 
tion in its inception. To begin with, full information 
regarding certain phases of the tec ‘hnik jue Was lacking. 
Then, too, welding equipment was relatively scarce and 
experienced operators difficult to procure. ‘There were 
no codes to regulate the practice and construction per- 
mits were hard to obtain. An occasional weld of defec- 
tive quality, due to poor workmanship, improper 
equipment and facilities, or to the use of bare electrodes 
then available, created unfavorable impression often 
bordering on prejudice. Later, even after attaining 
significant improvements in the technique, this bias was 
reflected in the early drafts of the welding code. An 
important discrimination traceable to this source was 
the early prohibition against the use of butt welds in 
tension. The same influence was still present in the 
later editions of the code in the form of smaller unit 
stresses allowed for these welds. Other obstacles in- 
cluded severe inspection procedures, rendering the use of 
welding both difficult and expensive. 


CURRENT PRACTICE 


Many of the difficulties prevalent in the early days 
have been gradually eliminated. Today structural 


welding is an accepted process, and is so recognized by 
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knowledge to the design of welded- 


steel structures. In this task, the 


Building Code of the American 
WELDING Society is an accepted 
guide and constitutes an excellent 


Fig. 1 Flat roof rigid-frame shop building 


the majority of the building codes of the country. 
Buildings of all types and categories now utilize welded 
framings. 

Favorable Factors. The success of structural welding 
is attributable to four important factors. These are: 
(a) satisfactory performance, (b) proved economies, 
(c) research and (d) the war exigency. The first two 
may, of course, be considered as essential requirements 
necessary for the acceptance of any new technique or 
process. Except for some rare instances, all welded 
structures have given satisfactory service performance. 
Fears regarding the adequacy of welding as a jointing 
device have been allayed by tests and actual perform- 
ance under a variety of conditions of loading. 

There has been ample evidence, too, regarding the 
savings due to the use of welded framings. These 
economies have been proved by competitive bids, as 
well as by actual construction costs. The fact that 
structural welding and the facilities for its application 
are constantly increasing is a good demonstration of 
merit; for there could be no greater incentive than 
profitable use for the adoption of a new technique. 

Research. The amount of research in the various 
fields of the welding technique has attained tremendous 
proportions. The great bulk of this work is being car- 
ried out under the eminent leadership of the Welding 
Research Council of the Engineering Research Founda- 
tion, which acts as coordinator of the joint efforts of 
private industry, universities, technical societies and 
governmental agencies. Except for some data of re- 
stricted or confidential nature, all obtained information 
is being channeled through the JouRNAL of the Ameri- 
CAN WELDING Sociery which, together with its Re- 
search Supplement, serves as a continuing outlet for all 
such information. In addition, there has been a steady 
flow of practical data, originating from manufacturers 
of welding equipment and electrodes. The engineering 
profession has been the grateful recipient of the prof- 
fered service and has profitably applied the gained 
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source for practical information. 


Influence of War. Critical short- 


age of structural steel during the 


war placed a special emphasis on 
the 
framing material. 
urgency of the contemplated proj- 


importance of economies in 


In addition, the 


ects rendered the time element an 


equally important factor. In many 
instances the choice of welding was 


made or dictated not so much for 


possible savings in cost, but  pri- 


marily for the provided speed of 
construction and the reductions in 


the framing tonnage resulting from 
its use. 


‘These considerations served 


as added incentives for a number of fabricators, who 


would normally remain on the sidelines and await 


further developments in the technique, to explore for 
the first time the immense opportunities afforded by 
the applications of the new technique. The same in- 
fluence was also felt by many designers who were not 
favorably inclined toward welding. They, too, had to 
discover for the first time that welding could be used 
both safely and advantageously. All these were help- 
ful facters creating the needed impetus for more wide- 


spread use of structural welding. 
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Fig. 3 Lean-to type rigid framing for shop building 


Fabrication Practice 


Practically all structural shops are presently equipped 
for services in welded construction. In newer instal- 
lations, as well as in instances of expansion, the trend 
is definitely toward the acquirement of new and ad- 
ditional facilities for welded fabrication. In contrast, 
it is becoming increasingly more difficult to obtain fa- 
cilities, equipment and skilled labor for riveted con- 
struction. 

The shaping of framing members from available 
structural sections and plating remains one of the im- 
portant phases of fabrication undergoing continued 
improvements. These include automatic guides for 
flame cutting and edge preparation, as well as me- 
chanical devices for shearing and punching. Two fab- 
ricated shapes worthy of special mention in this cate- 
gory are “‘serrated”’ and “wedge-beam” sections. Their 
fabrication, particularly, has been the subject for many 
shop studies resulting in improved procedures and 
economical production. 

The quality of welding, both manual as well as me- 
chanical or automatic, has greatly improved, The tre- 
mendously large demand for steel structures of various 
types during the war served as an imposing factor in the 
development of the technique and for the training of the 
operating personnel. As a result, little difficulty is pres- 
ently experienced in the maintenance of standards to 
insure a satisfactory quality. 

In general, no expensive or laboriotis procedures are 
used to ascertain the quality of welding in a steel as- 


Fig. 4 Interior view of rigid-frame shop building 
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sembly. In most cases of building framing, the desired 
control is obtained mainly by visual inspection. In 
some cases of shopwork, use is also made of magnetic 
particle testing and, in rare instances, radiographic 
methods are utilized. In the case of floating structures, 
in order to check the watertightness of a hull, as well as 
the airtightness of certain compartments, water and 
pressure tests are used. In addition, statistical methods 
of quality control are maintained by removing test 
plugs from the weld seams for micrographic and radio- 
graphic examination. 

Prefabrication. As yet no full utilization is made of 
welded-steel prefabrication. This process is generally 
confined to parts or subassemblies of framing, devised 
primarily to minimize field welding at the site of erec- 
tion. In the case where the structure is to be con- 
structed at a considerable distance from the fabricating 
shop, the size of such assemblies is governed by the 
mode of transportation and the imposed limitations, as 
well as by the available facilities for handling and erec- 
tion. Exceptionally large assemblies for ships and other 
miscellaneous water craft were successfully produced 
at the shipyards and at the various water-front fab- 
ricating establishments during the war. Since the in- 
terior framing of most types of floating structures is 
similar, in a general way, to the framing of a shore struc- 
ture, there is reason to believe that, owing to the pre- 
fabrication experience gained during that period, some 
of the shipyards can now be utilized for the prefabrica- 
tion of building framings, provided, of course, a suffi- 
ciently large market for them can be created. For this j 


Fig. 5 Gable-roof rigid-frame building 
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Fig. 6 Flat-roof rigid framing built of rolled I-sections 


purpose, standardized buildings of the industrial or 
general utility type, as well as framings for low-cost 
dwellings, present a fertile field for exploration. A 40- 
ft. span welded rigid-frame building of this type has 
already been in production by one manufacturer since 
the war, and currently several other fabricators are en- 
gaged in the development of framings of similar type. 


EXAMPLES OF MODERN FRAMING 


The task of selecting typical examples of framing, to 
illustrate the current practice, is not an easy one. For 
one thing, no records are available of all projects which 
have utilized welded construction. Then, again, the 
framings which have been described in technical litera- 
ture in recent years present such an impressive array 
that it is really difficult to choose a few and exclude 
many. Owing to these considerations, the author has 
elected to choose his illustrative examples from the 
works of a single organization, namely, the Bureau of 
Yards and Docks of the United States Navy Depart- 
ment. His familiarity with the designs of these struc- 
tures, and the fact that the Bureau's work covers a 
rather wide range of types, are other reasons favoring 
his choice. 

The Bureau of Yards and Docks is relatively a new- 
comer in welding, yet it has already pioneered in the 
application of the technique to a variety of types of 
structural framing. It is also a leading exponent of ad- 
vanced thought in structural design. Many of the 
welded structures built under the cognizance of this 
Bureau are generally considered as outstanding ex- 
amples of modern steel framing. 
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Fig.7 Arrangement of channel purlins to provide overlap 
and continuity 


These structures may be classed within two main 
categories: (a) buildings and (b) floating structures 
The framings of the former category, in turn, consist of 
two types: rigid frames and arches. The latter cate- 
gory, Which includes floating drydocks and floating 
gate caissons for graving docks, utilizes a framing com- 
bination consisting of shell panels, trusses and frames. 
The following is a brief description of the characteristics 
of each type shown in the photographs. 


A. BUILDINGS 
(a) Rigid Framing 


Figure 1 illustrates one of the simplest arrangements 
of rigid framing. It is a single-bay shop building, with a 
span of 100 ft. and height of approximately 70 ft. The 
roof is practically flat, having a minimum slope for 
drainage. The frames, spaced 20 ft. on centers, are 
composed of rolled wide-flange I-section columns and 
rafters, joined together with built-up knee segments, « 


Fig.8 Three-bay rigid framing for warehouse 
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Fig. 9 Gable-roof rigid framing for prefabricated building 


detail of which is given in Fig. 2 (a). The use of this 
framing as a substitute for the conventional riveted 
prototype resulted in about 20°7 reduction in the weight 
of the required steel. 


Fig. 10 Interior view of first floor framing of two-story 
rigid-frame building 


Fig. 11 Interior view of second floor framing of two-story 
gable-roof rigid-frame building 
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Figure 3 shows a similar framing 
to which a lean-to is added on the far 
side. Figure 4 is an interior view of 
the main bay of the same building, 
showing the clean-cut outlines of 
the frames. It alsoshows three lines 


of crane runways, one of them for a 


50-ton bridge-crane, supported on 
brackets welded to the columns 
A typical bracket detail is shown in 
Fig. 2 (c). 

Figure 5 shows the view of a 
completed gable-roof rigid frame, 
having a span of 158 ft. and rising 
to a height of 110 ft. It is the 
largest welded-steel building con- 
forming to this type of framing. 

Figure 6 shows the framing of a 
garage. The frames, spanning 50 ft. and spaced 20 ft 
on centers, are composed of wide flange I-section col- 
umns and rafters. The detail of the corner joint or 
haunch is given in Fig. 2 (b). Another feature of the 
framing is the arrangement of the over-lapping chan- 
nel purlins sketched in Fig.7. With this arrangement, 
and utilizing the continuity concept, appreciable savings 
in the weight of the purlins are realized. 

Figure 8 shows the framing of a storehouse where de- 
tails similar to the preceding case are used. The ar- 
rangement consists of 40-ft. span three-bay bents, 


Fig. 12 Close-up view of welded brackets for crane run- 
ways 
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spaced 40 ft. on centers. The side bays are 14 ft. high, 
with the middle bay rising an additional 10 ft. 

Figure 9 illustrates a prefabricated building framing. 
The bents, which are spaced longitudinally 20 ft. on 
centers and span 40 ft., have tapering legs and haunched 
knee-segments. 

Figures 10 and 11 show views of the first and second 
floors of a two-story gable-reof building, serving as 
shop and mold loft, respectively. It is an extension to 
an old structure, and the new framing stands in vivid 
contrast with the old. The features include the grace- 
fully shaped roof bents, which replace the camel-back 
roof trusses in the old framing, and the shallow-depth 
welded-plate roof girders, which span 100 ft. and have a 

Fig. 13° Arched bent built of rolled I-sections depth of only 54 in.—in contrast 
with the 9-ft. deep trusses used in 
the old design. Other features in- 
clude welded brackets for three 
crane runways, a close-up view of 
which is shown in Fig. 12. 


(b) Arch Framing 


Figure 13 illustrates a low-rise 
arched-bent framing, composed of 
rolled I-beam segments and a built- 
up knee. The new framing, used in 
an alteration project, replaces the 
Fig. 14 View of completed building of arched-bent framing old masonry arches, and provides 
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fig. 15 Details of built-up knee and butt-plate splices in Fig. 16 Welded steel two-hinged arch framing for diri- 
rigid-frame arched bents gible hangar 


All-welded hingeless arch framing for hangar 
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TYPICAL CHANNEL SERRATE 


a } WALLS (a) 
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- por gn Fig. 20 (a) Detail of serrated channel and (b) its utiliza- 


‘ tion in a shell panel 


ime 


Fig. 19° General framing arrangement of channel-shaped 
floating drydocks 


# good outline for a pleasing architectural treatment, 
as will be noted from the completed view shown in Fig. 
14. The details of the knee and the butt-plate splices 
are shown in Fig. 15. 


Figure 16 is a view of the world’s longest-span two- 


hinged steel arch framing of its tvpe. The arch ribs, 


which are spaced 25 ft. on centers, span 325 ft. and rise 


to a height of 190 ft. above floor level, are composed of 


welded “Tee’’ segments both in the chords and in the 


: webbing, and have a depth of only 8 ft. The use of 


welding in the adopted framing arrangement resulted in 


a weight saving of approximately 40°7;, the basis of 


. comparison being the framings of other hangars of 


Fig. 21 One-piece floating drydock with shaped bow and 
similar outline built earlier in conformance with conven- stern gate 


Fig. 22. Three-piece self-docking floating drydock 
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Fig. 18 Channel-shaped one-piece floating drydock 
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Fig. 23 Sectional floating drydock 


tional methods of framing and riveted construction. 
The photograph also shows an elevated water tank and 
«a helium storage sphere, both of all-welded steel con- 
struction. 

Figure 17 shows the world’s longest-span all-welded 
arch framing. The arches have no hinges and span 
300 ft. between the concrete lean-tos which serve as 
abutments. The arch axis coincides with a catenary, 
with a height of about 46 ft. from springing line to 
crown. The ribs are composed of 16-ft. long straight 
chord segments, 8.5 ft. deep, and have “Tee’’ chords and 
angle webbing. Longitudinally, the ribs are spaced 25 
ft. apart, and are braced together at every panel point 
by a vertical truss whose upper chord serves also as 
purlin, supporting the prefabricated roof panels. Weld- 


24 Drydock gate caisson nearing completion for 
launching 
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ing is utilized throughout the fram- 
‘ing, including all shop work, field 
splices as well as bracing connec- 
tions. The steel framing is remark- 
ably light; it weighs less than 10 
Ib. per square foot of floor area, and 
reflects a saving of nearly 50°% from 
the weight of a conventionally 
arranged riveted framing. This 
lightness is apparent from the view 
of the framing in the photograph. 


B. FLOATING STRUCTURES 

Unlike ships and other water 

craft, floating structures built under 

the cognizance of the Bureau of 

Yards and Docks conform essen- 

tially to the construction practice of shore structures, 
This is particularly true for the arrangement of the in- 
terior framing where like standards and details prevail. 
Only a deeade ago, floating drydocks and caissons 
comprising this category of structures were being built 
of riveted steel. At that time, when the Bureau’s 
huge construction program got underway, extensive 
studies were made to determine the feasibility of ap- 
plication of welding, the extent of obtainable economies 
and savings in time inherent in the technique. The 
results of these studies, supplemented with some com- 
petitive bid data and actual construction costs, as well 
as records of time, secured subsequently, clearly 
favored the use of welding. Accordingly, an elaborate 


program for all-welded construction was prepared and 


submitted for immediate execution. The successful 
and speedy completion and launching of the initial 
units of the program represented the first examples of 
all-welded floating structures at that time, considered 
from standpoint of size as well as of type. The struc- 
tures completed to date constitute an impressive fleet of 
auxiliary craft. Some 415,000 tons of welded steel went 
into the construction of these structures. The estimated 
saving in tonnage of steel, in comparison with conven- 
tional riveted framing, is over 120,000 tons. The over- 
all savings in cost amounted to more than 25% and the 
construction time was lowered by about a third. The 
following are typical examples of the program: 


(a) Floating Drydocks 


Figure 18 shows the launching of a channel-shaped 
dock of recent design. Considered to have one of the 
most efficient framing systems, the dock contains only 
3000 tons of structural steel and has a lifting capacity of 
6000 tons. The general framing arrangement is shown 
in Fig. 19. As will be noted, it conforms to the framing 
concepts of a shore structure. The assembly of a 
typical shell panel is shown in Fig. 20 (6), and the detail 
of serration of the channel stringers is indicated in Fig. 
20 (a). 
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Figure 21 illustrates a so-called ship-shaped dock, 
having a shaped bow and a stern gate. It contains ap- 
proximately 3000 tons of structural steel, and has a 
normal lifting capacity of the same tonnage. There 
were a great number of this type, all built at one yard, 
utilizing mass production methods of fabrication and 
assembly. The attained rate of completion was one 
dock in three weeks—a most remarkable fabrication 
record, attributable primarily ‘o the use of welding. 
The shell and interior framing follow the familiar pat- 
tern. 

Figure 22 shows a three-piece floating drydock of 
18,000-ton lifting capacity. It is of the self-docking 
type, rendering its own drydocking service by detach- 
ment and repositioning of the center and the two end 
pieces. The total weight of the structural steel framing 
is about 4700 tons. 

Figure 23 is a view of a large sectional dock, equipped 
for service at advanced bases. Each section, 80 ft. in 
length, contains approximately 3500 tons of steel and 


has a lifting capacity of 10,000 tons. To facilitate 


towing, the pontoons have shaped bows. 


(b) Floating Caissons 


Figure 24 is a view of a drydock-gate caisson, showing 
the construction at an advanced stage of completion on 
the building ways just prior to launching. The interior 
framing arrangement and details of the shell panels are 
similar to those of floating drydocks. Some 30 caisson 
of this type, varying in the amount of steel tonnage from 
300 to 2500 tons, in accordance with size, were con- 
structed at various shipyards utilizing prefabricated 
subassembly methods of erection. 


NEW TRENDS IN DESIGN 


In the course of human progress, the achievements of 
the past display little glamour in the light of future ex- 
pectations. By nature, we are inclined to take the 
events of yesteryear for granted and strive for the 
better things of tomorrow. This is particularly true in 
engineering design where efforts are being made con- 
stantly for more efficient and advantageous use of con- 
struction materials. Toward this objective, there are 
two important trends developing in the current prac- 
tice. One of these concerns the concept of plasticity, 
while the other is predicated on the control or procure- 
ment of a favorable stress pattern by the introduction of 
certain changes in the framing. The following is a brief 
description of these concepts 

Plasticity and Limit Design. Those who advocate the 
plasticity approach believe that a framing possesses 
considerable reserve strength beyond the elastic range 
which is not utilized in the present practice of design 
They further point out that, due to residual stresses, 
the behavior of a welded joint is essentially plastie and, 
hence, the elastic theory does not apply in the analysis 
of stresses. The suggestion is then made to determine 


the capacity of a member or framing under its critical 


1949 Amirikian 


Steel Structures 


* “Erection Bolts 
Structure! Stee! vi. | 
Beem | 


High tensile 
steel arm 


(bd) 


Fig. 25 (a) Elevational and (b) isomeric view of framing 
arrangement in **modified rigid framing” 


loading and obtain the design load by applying a de- 
As yet no 
sufficient test or experimental data are available to 


sired factor against the ultimate value. 


formulate a definite basis for design 

Semirigid Framing. The flexural pattern of a framing 
having fully rigid joints does not generally lend itself 
for economical proportioning of the component members 
under varying conditions of loading. In order to pro- 
vide certain control on this pattern, use is made of so- 
called flexible connections whereby some rotation is 
provided at the joints by yielding and thus the moment 
curves are correspondingly altered. There is already 
considerable experimental data available on this type of 
connections, but no significant utilization is as vet made 
of the information in actual designs. 


(c) (f) 
Fig. 26 Types of wedge beams 
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Fig. 27 Construétion of a wedge beam from rolled 1I- 
section 


Modified-Rigid Framing. A new development by 
Gilbert Fish, and sc-named by him, this method of 
framing consists in the use of specially made wedge- 
shaped members in combination with ordinary sections. 
The arrangement is shown diagrammatically in Fig. 25. 
Here the shaped-end parts, or the arms, are made of 
high-tensile steel, and the length varies in order to pro- 
vide the most favorable moment split between the 
center and the ends of the composite member. Since 
the connections of the arms to the center segment are 
made rigid, the resulting arrangement is essentially that 
of a continuous framing in which the end portions of the 
horizontal members have variable cross-sections. 

Wedge-Beam Framing. A novel arrangement  re- 
cently introduced by the author, this framing provides 
a new and more efficient means for control of the stress 
pattern. As indicated by the name, the framing con- 
sists entirely of wedge-shaped members, joined to- 
gether in an alternating series of rigid and flexible con- 
nections, and each having the stress pattern of a canti- 
lever. Figure 26 shows some typical shapes of wedge- 
beams, having an I or a hollow rectangular cross section. 
In longitudinal outline, a wedge-beam may have a 


Fig. 28 Formation of a wedge-beam frame from wedge- 
um segments 


Fig. 29 Types of hinge connections 


tapering flange and constant depth, as in Fig. 267(a) 
and (d), a tapering web and constant-width flanges, as 
in Fig. 26 (b) and (¢), or both tapering flanges and web, 
as shown in Fig. 26 (c) and (f). Figure 27 shows the 
manner of construction of a wedge-beam of tapering 
web from a rolled I-section. In Fig. 28 (a), (b), (¢) and 
(d) a diagrammatic presentation is given of the forma- 
tion of angle, 7’ and Y segments by joining two or three 
wedge-beams; then, in Fig. 28 (e), (f) and (g), the for- 
mation of simple frames from these segments and, 
finally, in Fig. 28 (A), the formation of an assembly. 
The connections at the tapered ends may be either a 
hinge, as in Fig. 29 (a), or have a semiflexible detail, as 
shown in Fig. 29 (b).. Some other types or arrangements 
of wedge-beam framing are shown in Fig. 30. 


CONCLUSION 


The world of today is engaged in a tremendous task 
of reconstruction. Neither the required material re- 
sources nor the necessary human energy are presently 
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(d) 
Fig. 30 Types of wedge-beam frames: (a) flat roof; (b) hip 
roof; (¢) arched roof: (d) saw-tooth roof 
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available for the complete restoration of the devastation 
brought about by the last war. It is of paramount im- 
portance that our limited resources should be used with 
optimum efficiency. The outline of current structural 
practice presented above clearly indicates that welding 
can be utilized to great advantage in the construction of 


steel structures. What already has been achieved in 
this field is most gratifying. But a great deal more can 
be achieved by still greater efforts in the further de- 
velopment of the technique and more ingenious ap- 
plications in design. 


by Thomas J. Barry 


N MY capacity as a field engineer, I have come into 
contact with a wide variety of welding manufacturers 
and, as a consequence, have been asked innumerable 
questions which were so elementary to welding as to 

be surprising upon consideration of the source of these 
questions. Conversely, there have been many oc- 
casions when no questions were asked, but they should 
have been. Accordingly, this leads to the conclusion 
that much of the personnel connected with welding 
operations has not been provided with the information 
that should be available. 

It is astounding to continually discover the number 
of weldors and supervisors who have no understanding 
whatever of so simple a subject as our A.W.S.-A.S.T.M. 
classification of electrodes, and any mention of are 
characteristics, electrode physicals or metallurgy im- 
mediately becomes a barrage of double talk that leaves 
them feeling very much relieved when you go away. 

This is not a case of trying to convert shopmen into 
engineers or technicians, but it is a case wherein the 
gulf between the technician and the shopman is growing 
steadily wider. We of the AMERICAN WELDING 
Soctrety have continually expanded our knowledge and 
understanding of various welding processes, but the 
men in the plants have remained at a static level, except 
in the case of a few companies who have the technical 
men and other facilities to rely upon. 

One thing heard all too often is the complaint: 
“Weldors are a dime a dozen, but good ones are like 
diamonds."" This complaint is too well justified to 
dispute, but why should it be so? What is the differ- 
ence between a good weldor and a poor one? They all 
have the ability to deposit metal, and mechanical pro- 
ficiency is a matter of practice. 


Thomas J. Barry is Welding Engineer Specialist, Harnischfeger Corp., 
Chicago, Ill 
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® The gap which exists between technical literature written for 
the welding engineer and that for the welding operator is em- 
phasized and need and methodsfor closing this gap areindicated 


As a war-time instructor in welding and methods, | 
had the opportunity to observe first hand the applica- 
tion of mass production methods in developing per- 
sonnel, so, as a foundation on which to proceed, I 
would like to pose this question: ‘“‘How many of to- 
day’s weldors knew anything about welding, or were 
even interested in welding, prior to World War II?” 

It was the war that gave welding its greatest impetus, 
and at the same time produced its greatest deficiency, 
namely, the lack of basic understanding. 
person was able to manipulate an are sufficiently well 


As soon as a 


to pass a simple test, the individual was rated as a 
weldor and put on production. And most generally 
he was not required to set his machine, or choose be- 
tween various electrodes, or fit up the work, or consider 
stresses and distortion, or do anything else but to de- 
posit as much metal as possible in an eight-hour shift. 

Of course, that was the answer to the requirements of 
those days. But now we are confronted with today’s 
problems wherein cost consciousness is once again 
becoming a dominant factor in production. So, where 
does the mass training procedure stand in comparison 
with the apprenticeships and training periods of other 
crafts? How can we expect a weldor as a craftsman to 
match completeness of knowledge with the rich back- 
ground possessed by the craftsmen and masters in other 
fields? How can we talk to these persons if they do 
not have a basie understanding of what we are trying 
to say? Would you try to discuss algebra with some- 
one who knew nothing of arithmetic? 

Industry in general complains of a present-day lack of 
pride in workmanship on the part of the employee, but 
the only thing most weldors can take pride in is their 
mechanical ability to deposit weld metal. The basic 
cause has stemmed from industry itself unfortunately, 
through events that were beyond immediate control, 
and is suffering further aggravation because the em- 
ployee’s superiors cannot explain some of the details, 
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or simple technical phenomena, connected with the 
tool the individual is using. At least eight out of ten of 
the problems I am called upon to answer are solved by 
applying elementary knowledge which every super- 
visor of welding should have at his command. 

Is it truly a lack of pride in workmanship, or is it a 
‘ase of severe growing pains coupled with insufficient 
general knowledge that is the basis of complaint? Has 
it not been proved countless times that the man who 
has an understanding of the ‘inner workings” of what 
he is doing is a man who is able to do a better job? 
Which is to be preferred: the man who knows when to 
stop, or the one who proceeds stolidly, right or wrong, 
until told to stop? 

Fundamentally, the difference I have found between 
good weldors and poor ones is the degree of welding 
knowledge they possess. In my investigation of this 
question | have talked with many weldors and super- 
visors and, invariably, the ones who were considered 
good were able to discuss in some degree the technical 
They might 
not have used complex phraseology, but they did under- 
stand the basic reactions of welding and their effect 
upon the weld. 

The general run of welding personnel are not people 
who have made an intensive study of the intricacies of 
welding, but are persons who know very little of many 
things which we take for granted, even though they 
ure connected with welding in some capacity. This 
includes not only weldors and supervisors, but also time 


aspects of their work and their problems. 


study, design, engineering and other high level depart- 
ments of industry, who are often called upon to work 
with welding departments. 

There have been several factors to contend with in 
attempting to introduce any kind of advanced training, 
but lack of desire to know more about welding is not 
one of them. The information they want is so deeply 
submerged in technical phraseology, and is so hedged 
in by secondary cases used in explaining the main case, 
that they are unable to separate the one from the other 
and give it up as a bad job. But I have vet to find a 
weldor, or group of weldors, or supervisors or manage- 
ment personnel who will not listen to, or read, a simple, 
lucid explanation of some phase of welding technology 
that bears upon the things with which they are con- 
cerned. 

In general, there are two types of welding textbooks, 
the practical and the technical, and in reading through 
one text after another there has been repeatedly the 
sume blankness, the same lack of connection between 
the two. The practical texts are well written, informa- 
tive and essential, but confine themselves to the me- 
chanical actions of welding, whereas the technical types 
presuppose and assume the reader has the background 
to permit an understanding of their contents. So 
we have a situation where industry has a large supply 
of “dime-a-dozen”’ weldors, would much prefer more 
highly trained personnel, but hasn’t the foggiest idea 
of how to correct the deficiency. Therefore, the in- 
dustry has but one source to which it can turn for help, 
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and that is the AMeriIcAN WELDING Society and its 
membership. It is we who have the dual obligation 
of developing new applications and of promoting a 
better understanding of all applications with those 
persons who must apply them. 

And how are we to go about this teaching of those 
who do not understand? The answer is easy, but the 
practice is not. They must first be made aquainted 
with some of the effects of heat upon common metals. 
They must be taught the action of simple stresses, 
what they are, what causes them, and how to control 
them. They must learn that there are basic classes of 
electrodes and what they are. They need to realize 
the reasons why d. ¢. varies from a. ¢., and the good and 
bad points of each. In other words, they must learn 
their tools before they can appreciate them. 

While industry has not been very voluble in announc- 
ing its requirements, this demand has been recognize: 
by the larger manufacturers of welding equipment, 
and they have done much within their ability. But 
they alone cannot do it all, and are unable to reach the 
great mass of personnel who are so eager to learn more 
The foundation of this eagerness lies in the fact that 
professional weldors, as a class, are more than me- 
chanies. Weldors must be grouped with the farmer and 
the artisan in that they have the same instinct to see 
things grow and take form as a result of their own handi- 
work. Accordingly, we find that the weldor, too, is a 
thorough individualist, and it is just as difficult to 
develop new habits of thinking and doing in him, as in 
ourselves. 

But there is one sure avenue of approach to this 
highly individualistic temperament, for deep down in- 
side every weldor believes zealously in his mechanical 
skill and proficiency but realizes that he lacks much in « 
technological sense. He will strongly resent an attitude 
of superiority on the part of someone in the shop, but, 
if a person outside of the shop should come in and make 
a convineing display of basic technical knowledge, and 
do it so simply that he will be understood, they will 
listen and have confidence in what he says. And 
even though some may scoff outwardly at first, they 
are the ones who will become your firmest supporters, 
if you prove yourself, for they will regard you as a 
fountain of knowledge which is beneficial to them. 

So, in conclusion, may I say that it is with the thought 
of suggesting one means of bridging the existing gull! 
and of practicing what I preach, that I have under- 
taken preparation of a text which must meet specific 
requirements : 

1. It must confine itself to subjects which are 

relevant and of interest. 

It must reduce technical phraseology to words 
which are in common everyday use. 

It must be lucid, coherent and explicit, taking 
nothing for granted, vet it cannot be conde- 
scending, or “talk down” in any manner. 


If these requirements are carried out, and | thor- 
oughly appreciate their stringency, then any member ot 
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the Society who will exert the effort to prepare himself 
need not hesitate to face any group and speak out on 
any subject he may choose. It is true that we are all 
preoccupied with our own problems and duties, and 
it is equally true that the men in the shops can stumble 
along without knowing more than the mechanical 


actions of welding. But it is also true that in learning 


to help others we help ourselves, and one of the things 
the rest of the world finds amazing is the traditional 
willingness of Americans to impart what they have 
learned to others. Long ago we realized as a people, 
that any question of promoting the general welfare is 
an obligation upon those who have the ability to do so. 


Flame Hardening 


LAME hardening is a heat-treating process in which 
the surface of a hardenable metal is rapidly heated 
locally to the proper temperature for hardening by 
direct contact with a high-temperature flame. This 
is followed by controlled cooling to provide the de- 
sired hardness in the  flame-heated layer. Flame 
hardening has long been employed in a few industries 
which produced massive parts requiring local surface 
hardness. However, the process found wider use when 
acetylene and oxygen became more commonly available 
and mechanical equipment for heating and cooling was 
developed. 

Because of certain advantages it possesses over the 
conventional furnace practice, flame hardening is find- 
ing increasing use, especially in the selective hardening 
of the surface of heavy objects. The high-temperature 
gas flame in direct contact with the workpiece provides 
a means of rapid and localized heating. This makes it 
possible to heat and harden selected areas only, while 
the rest of the surface remains soft and ductile. 

The economic advantages of this are many and ob- 
vious. Sealing, decarburization and pitting of surfaces 
are negligible. Cooling by quenching is more rapid 
than in conventional furnace hardening because heat 
is removed not only by the quenching medium, but 
also by the relatively cold core of the heat-treated 
piece. Depth of hardness may be controlled. For many 
designs considerably less distortion results than from 
furnace hardening. Core properties remain unaffected 
by the surface-hardening operation. The hard case 
of a flame-hardened part merges gradually into the 
duetile core so that danger of spalling is minimized 

The flame-hardening process utilizes the identical 
metallurgical principles that are the basis for the com- 
mon furnace-hardening method. Steel of proper com- 
position must be selected, the metal must be heated to 
above the upper critical temperature for austenite for- 
mation and then cooled at a rate sufficiently rapid to 
transform austenite to martensite.* The process is 
therefore limited to the so-called “hardenable”’ steels. 
For the best combination of hard case and ductile core 


Phis article reprinted from April 1, 1949, issue of Tempil Topics 


* See Tempil® “Basic Guide to Ferrous Metallurgy’ which gives definitions 
ind boundaries of critical temperatures 
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properties steels should contain from 0.40 to 0.500% 
carbon. These steels may be either plain carbon, low- 
alloy or certain high-alloy grades, such as the plain 
high-chromium steels. Desired hardness can be ob- 
tained by considering the hardenability of any given 
steel and selecting water, oil or air as the proper cooling 
medium. Cast iron may also be flame hardened satis- 
factorily if the combined carbon content is between 
0.40 and 0.80°;. 

Acetylene and oxygen are the gases most commonly 
used for flame hardening, a 1:1 ratio providing a 
neutral flame with a temperature above 5600° F. Other 
gases which will provide high flame temperatures may 
also be used, with due consideration being given to 
economics and to the effect on the steel surfaces dur- 
ing heating. 

The choice of the flame-hardening method depends 
largely on the shape of the object being treated and 
the areas to be selectively hardened. In spot or sta- 
tionary hardening, both the object to be hardened and 
the flame head are stationary. The progressive method 
utilizes the movement of flames and quenching spray 
across the face of the stationary workpiece—or the 
reverse, the object being moved across the stationary 
flame. The spinning method is applicable to cylindrical 
shapes which are caused to revolve at about 1000 in. 
per minute against stationary flames. In the combina- 
tion method, the spinning and progressive techniques 
are combined. Quenching methods utilize still or mov- 
ing air, water spray or immersion in oil or water. 

Flame-hardened objects may be tempered in a furnace 
by heating the entire object. However, for very large 
pieces this may not be p ssible and in such cases the 
flame head may be used for reheating the hardened 
area to the proper temperature. It is recommended 
that all flame-hardened parts which have been quenched 
in oil or water should be reheated to 400° F. for partial 
stress relief. 
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WELDING METALLURGY—tron and Steel 


The Society has revised the Welding Metallurgy book originally published 
in 1940. The book has been brought up to date and a wealth of new material 
added. This book is being reproduced serially in The Welding Journal. 


Copies in attractive 


imitation leather covers are available at $2.50 


by O. H. Henry, G. E. Claussen and G. E. Linnert 


INTRODUCTION TO THE SECOND EDITION 


The present revision involves extensive rearrangement 
of the material in Henry and Claussen’s original publica- 
tion. Their first edition contained two volumes which 
were prepared from material presented during funda- 
mental and advanced lecture courses on metallurgy and 
metallography in the years 1938 and 1939 at Polytechnic 
Institute of Brooklyn under the joint auspices of the In- 
stitute and the New York Section of the AMERICAN 
WeLpING Society. These two volumes have been con- 
solidated in the rearrangement for the new edition. 

Healthy strides have been made in the application of 
welding during the past eight years since WELDING 
METALLURGY was first published. Four years of this 
time, of course, were spent at war. During this critical 
period, all of our activities—research, design, production, 
| etc.—were carried on at an abnormally accelerated pace. 
' It is hardly necessary to elaborate here on the key role 
| played by welding in achieving victory in World War II. 
Only something jeopardizing the safety of the United 
States could promote such vigorous action. 

Much of our late progress in welding can be attributed 
to our increasing knowledge of the metallurgy of welding. 
It would be sheer folly to weld alloys like the high- 
strength heat-resisting steels or the age-hardening alu- 
minum alloys if their metallurgical characteristics were 
not known. We can join materials such as these with 
confidence only when, as Henry and Claussen have pre- 
viously annotated, “we relate the temperature changes 
during welding to changes in the structure and properties 
of the joint.” 

The theme of this second edition of WELDING MEtat- 
LURGY remains unchanged. In its preparation, the in- 
formation which has been garnered on welding metals 
during the intervening years has been sifted and that 
which rightfully belongs in a text on this subject has been 
included as new material. As before, steels or ferrous 
alloys are the center of most discussions. Although 
relatively few references are made to other commonly 
used metals, much of the information is very genera! in 
character and can be applied to many metals. The 
Fahrenheit temperature scale has been given preference 


O. H. Henry is Professor of Metallurgical Engineering, Polytechnic Institute 
of Brooklyn. G. E. Claussen formerly was Adjunct Professor of Metallurgy, 
Polytechnic Institute of Brooklyn, now, Metallurgist, Reid-Avery Co 
Baltimore, Maryland. G. E. Linnert is Senior Research Engineer, Armeo 
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throughout this new edition because this scale is used to 
a greater extent by far in the United States than the 
Centigrade scale. An index has been added. 

The writer wishes to gratefully acknowledge the 
generosity of the Armco Steel Corporation in providing 
a number of the photomicrographs used herein, and for 
placing metallographic facilities at his disposal for the 
preparation of new illustrations. The writer is apprecia 
tive of the many helpful suggestions made by Dr. A. L 
Feild, Associate Director of the Armco Research Labora 
tories. Particular thanks are due to the original authors 
of Wetpinc Metatcurcy, Mr. O. H. Henry and Dr 
G. E. Claussen, and the Welding Handbook Committee 
of the AMERICAN WELDING Society for their time and 
effort in reviewing the manuscript of this Second Edition 
and the constructive suggestions which they offered 
The writer is especially indebted to Mr. S. A. Greenberg. 
Technical Secretary, and Mr. J. I. Medoff of the 
AMERICAN WELDING Society who edited this book and 
handled its publication. 

G. E. Linnert 
Baltimore, Maryland 
June, 1948 


INTRODUCTION TO THE FIRST EDITION 


Of all branches of engineering, metallurgy is the closest 
to welding. WetpING METALLURGY is intended to 
familiarize members of the welding industries, including 
fabricators and designers, with the composition and struc- 
ture of the steel they use, to show how the steel is affected 
by the varied conditions of heat and stress in welding, to 
explain the mysteries of heat treatment, and to point out 
the way in which metallurgy can be used to control the 
welding process. No prior instruction in metallurgy is 
assumed in the following chapters, nor is a detailed ac- 
quaintance with welding technique required. 

There is no pretense that all the metallurgical aspects of 
welding are dealt with, for example, corrosion and 
stresses. Emphasis is placed on fusion welding for the 
reason that practically nothing is known about the fusion 
question in resistance welding. Furthermore, the metal- 
lurgical principles of the heat-affected zone are basically 
the same in all types of welding. 

General principles are emphasized throughout, in the 
belief that a few general principles replace vast numbers 
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of particular facts. The endeavor has been to simplity 
everything as much as possible without distortion of facts 
or sacrifice of completeness. There are no formulas to 
be memorized. Instead, welding metallurgy deals with 
the structure, properties, and the composition of the 
welded materials from which may be deduced the cycle of 
events which brought them about, or vice versa. The 
numerical information that is supplied often is approxi- 
mate for the sake of simplicity. 

A large part of metallurgy is based on the change in 
properties of metals as they are heated. The essential 
part of commercial welding processes is the heating of a 
metal close to or above the melting point. Consequently, 
metallurgy is an important adjunct to welding. By 
means of metallurgy, we relate the temperature changes 
during welding to changes in the structure and properties 
of the joint. 

It is a pleasure for the authors to record their indebted 
ness to the members of the Lecture Course Committee 
who outlined the scope of the lectures as a whole, and to 
Mr. W. Spraragen who read the manuscript and sug- 
gested important additions to numerous vital passages. 


O. H. HENRY 
G. E. CLAUSSEN 
Brooklyn, New York 
April, 1940 


Chapter 1 
METALLURGY OF WELDING 


The metallurgy of iron and steel is often regarded as 
consisting of two parts: (1) process metallurgy, which 
involves the reduction of iron from its ores, further re 
fining in quality and composition, casting, and the work 
ing and shaping of steel to semi-finished and finished 
products; and (2) physical metallurgy, which includes 
heat treatment, mechanical testing, metallography, and 
numerous other subjects which deal with the testing of 
semi-finished and finished products. Welding Metal 
lurgy is not merely a constituent of process or physical 
metallurgy, but is again the metallurgy of iron and steel 
from a more localized viewpoint. 

It will be seen that process metallurgy and physical 
metallurgy are both involved in welding, and examples 
of each are easily found. If nickel oxide is added to the 
thermit welding mixture of iron oxide and aluminum, the 
oxide will be reduced during the thermit reaction to 
metallic nickel and alloyed with the molten metal dis 
charged from the crucible. Here the knowledge of 
process metallurgy may be employed, for the operation is 
similar to ore reduction in a furnace. Much process 
metallurgy is involved in the formulation of flux coatings 
for arc-welding electrodes. Many of the materials used 
for making slags and fluxes in connection with the melting 
of iron and steel are also employed in electrode coatings ; 
limestone, fluorspar, and rutile being three good examples. 
\fter compounding minerals and other suitable materials 
to make a flux that has the proper acidity or basicity, 
viscosity, and so forth at welding temperatures, we can 
use our knowledge of process metallurgy further by alter- 
ing the alloy composition of the weld deposit through 
additions of materials to the flux covering on the electrode 
Again we often make use of the same forms of alloying 
materials regularly employed in steelmaking. A steel 
electrode core wire devoid of alloying elements can be 
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coated with a flux containing an addition of ferrochro- 
mium to deposit chromium-containing alloy steel weld 
metal. The transfer of chromium from the flux to the 
weld metal during deposition of the electrode is highly 
efficient providing certain metallurgical precautions are 
taken. Very few of our present-day electrodes do not 
contain additions of metals in the flux covering to function 
as deoxidizers or to alloy with the weld metal. 

The hot and cold peemmngy of weld metal can be likened 
to hot forging or cold finishing mill operations, and 
obviously must follow the principles of process metal- 
lurgy. <A review of welding literature on the subject of 
peening sometimes leads to confusion because of the pro 
and con statements concerning the advisability of using 
this operation. It is true that peening has resulted in 
unexpected difficulties in a number of instances. How- 
ever, peening, in many of these cases, was seized upon as 
an easily applied remedy for some particular condition, 
perhaps to eliminate cracking, and little or no forethought 
was given to the eventual consequences of the operation. 
Peening is a helpful process and can be applied with im- 
punity only when the operation is performed in accord 
ance with sound metallurgical reasoning. Guided by 
a knowledge of process metallurgy, we can hot or cold 
peen welds to relieve shrinkage stresses and reaction 
stresses. We can cold peen welds to increase the yield 
strength of the metal. We have in some instances welded 
together component parts of cast or wrought steel and 
then hot formed or forged to produce a complicated shape 
which would be difficult, if not impossible, to create by 
casting or forging alone. Needless to say, a knowledge 
of process metallurgy is essential to success in an opera- 
tion of this nature (Fig. 1). 

Welding has been likened to a series of metallurgical 
operations involved in steelmaking, but performed in rapid 
succession and on a minimum scale. During most proc- 
esses, a volume of molten metal [melt or bath] is formed 
[cast] within the confines of the solid parent metal 


Fig. 1—Welding Metallurgy Provides an Explanation for Cracking in Ra.1 
Steel Adjacent to Welds 
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[mold]. The parent metal may have been preheated to 
retard the cooling rate of the weld joint, just as molds 
are often preheated to delay the cooling of their contents. 
Upon solidification, the weld deposit or nugget [ingot] 
niay be placed in service in the as-welded [as cast] 
condition, or may be peened or worked [wrought] to pro- 
duce a specified shape or to obtain particular properties. 
A knowledge of welding metallurgy can be useful from the 
very start of welding where heat is applied to the metal 
and oxidation of the metal surface arises as the first 
problem to be overcome, to the final stages of the opera- 
tion where cooling takes place and the character of the 
microstructure in the weld joint is determined (Fig. 2) 

In so far as physical metallurgy is concerned, welding 
leaves no field untouched. After a weld is made, post- 
heat treatment is often required, perhaps a softening heat 
treatment or a hardening heat treatment, for the welded 
article may be expected to exhibit mechanical properties 
which conform to the limits of a specification. It is now 
common practice to accomplish the heat treatment of a 
resistance spot weld before the newly made joint leaves 


‘the tips of the welding machine. 


Fig. 2—Cracked Weld in Nickel- Piping foe Service 
in Oil Refinery. A Knowledge of ty i= 1 Assist in 
Preventing 


Immediately following 
the formation of the spot weld nugget, a carefully timed 
program of cooling and heating is performed to carry 
the nugget and possibly the weld heat-affected zone 
through a bona fide heat-treating operation. For ex- 
ample, the welded joint may be allowed time to cool close 
to room temperature, whereupon a controlled surge of 
current heats the metal locally to the proper temperature 
for hardening. The withdrawal of heat by the cooled 
copper electrodes is equivalent to a quench. After a 
second lapse of time of the proper duration, a final smaller 
surge of current is passed through the metal to temper 
the hardened structure. The entire operation consisting 
of spot welding, hardening, and tempering in some cases 
may be carried out within a time of two seconds! 
Mechanical testing and metallography play a large part 
in welding metallurgy. We are constantly at work 
gathering data on the strength and ductility of weld metal 
and welded joints so that we may weld new structures 
and be confident that the welded joints do not constitute 
weak links. The metallographic mictoscope is the 
backbone of welding metallurgy, (Fig. 3), for we gain an 
inside view of the microstructural changes within the metal 
brought about by the thermal effects of welding. The 
metallographer can be of invaluable service in diagnosing 
the fundamental causes of defects. His microscope has 
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Fig. | eee Steels Can Corrode in This Manner Under Severe Service 
diti llurgy of These Materials Is Disregarded in Welding 


been known to reveal impurities as the promoters of hot 
tearing, an undesirable microstructure as the cause of cold 
cracking, and entrapped non-metallics as the producer oi 
gas pockets (Fig. 4). 

Our picture of welding metallurgy takes on even a 
broader view when such fields as electrical engineering, 
ceramics, combustion engineering, mineralogy, and stress 
analysis must be explored in order that certain metal 
lurgical anomalies encountered in welding be solved 
Even mechanical design becomes a matter of concern 
Because of the very adroitness of welding, we design and 
build articles of the strangest shapes without any hesi- 
tancy. Yet these articles are expected to perform as if 
they were hewed from a solid piece of metal. The truth 
of the matter is that many structural failures in which the 
blame has been placed upon welding have been really 
caused by inadequacies of design. This has been proved 
in a number of instances by fashioning a similar part 
from a solid piece of metal and then subjecting it to the 
same service conditions. The unwelded part failed in 
essentially the same manner as the welded part. For 
this reason, welding metallurgy sometimes encroaches on 
matters of design to indicate a general form of imper- 
fection which frequently causes difficulty—welded or not 

Where does knowledge of metallurgy do the most 
good in welding? Generally speaking, in enabling us to 
control the microstructural changes in the weld metal and 
base metal heat-affected zones, and in avoiding danger- 
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Is Sometimes a Problem in Welding. 
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ously high stresses in the final weld joint. Control of 
these two factors is of considerable help in producing 
satisfactory weld joints, but unfortunately their control 
does not come easy. Detrimental microstructural con- 
ditions are produced in some compositions of metal by 
fast cooling from the welding heat, whereas slow rates of 
cooling do harm to others. The task of avoiding high 
stresses in weld joints is also interwoven with complica- 
Welding, long fostered as an art, is fast becoming 


tions. 


a science, at least in part, through our growing knowledge 
of welding metallurgy. 


SUGGESTED READING 
Welding Handbook, 1942 Edition, American Welding 
Society, New York, N. Y. 
Metals Handbook, 1948 Edition, 
Metals, Cleveland, Ohio. 
The Welding Encyclopedia, Twelfth Edition, 1947, The 
Welding Engineer Publishing Co., Chicago, III. 
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HERE are factors in the welding, 


which, when properly dealt with, will establish this 
among industrial 


practice of are 


a high level of safety 
accidents can and will hap- 


process on 
processes— neglected 


pen. 


ARC-WELDING MACHINES 


The National Electrical Manufacturers’ Standards 
establish the industrial ratings of are both al- 
ternating current and direct current the basis of 60 and 
transformer 


welders, 
50% duty cycles. In the case of the a 
type welders, a third class is added, which is known as 
the limited input welder. 


W. W. Reddie is with the Welding Department of the Westinghouse 


Corp., Buffalo, N. Y. 
Abstract of a paper delivered to the National Safety 
National Safety Council, Chicago, 1 Oct. 21, 1948 


ymgress, held bw the 


Clear and concise terminal markings on primary 
welder aids in reconnecting 


Fig. 1 
terminal board of a.-c. 


All supply terminals should be so arranged that a tool is required to 


gain access and only competent persons should be authorized to change 
connections 


1949 Reddie 


§ Safe practices in construction and installation of equipment 
and in the execution of the work and elimination of accidents 


re Welding Safely 


The 60% machines covering ratings 200 
amp. 
50°% duty cycle machines, ratings 200 amp 
are intended for lighter 
usually do not involve continuous welding service. 

The limited input welders are primarily for use on 


duty cycle 


and over are usually heavy duty welders. The 
and below, 


welding operations, which 


single-phase circuits of limited capacity such as are 
found serving small shops, service garages and farms. 
The 50° duty cycle and limited input welders are 
essentially portable machines in that they are not used 
in a fixed location and, in general, not even in a fixed 
area. Consequently, standard practice is to provide 
these machines with primary service cable and fittings 
and with complete sets of welding accessories. Further, 
since they are generally used in locations and in shops 
expert available, they are 


where supervision is not 


Type of clear marking used on electric, gas and 
water terminals for circuits on high-frequency stabilized 
welders 


Fig. 2 
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fig. 3 Illustrating the use of fan guards on engine-driven 
welder. Guards of this nature are not commonly used on 
Jans of gas engines 


usually listed by the Underwriters’ Laboratories, Inc. 
D.-c. welders and a.-c. welders in the 60° duty cycle 
class usually go into the industries where good super- 
vision of installation and operation is available and, 
consequently, these machines are not listed by the 
Underwriters’ Laboratories. 

In addition to following recognized standard prac- 
tices, the manufacturer can do a great deal to contribute 
to safe operation of the equipment through careful at- 
tention to details of construction, such as terminal 
markings, enclosures, internal wiring and wiring de- 
tails. 

These details, which are illustrated in Figs. 1, 2 and 3 
_ are important for two reasons. The welding operator is 
sexposed to the voltage on the output side of the ma- 
chine, and every effort should be made by the manufac- 
turer to foresee and eliminate any possibility of primary 
wiring coming in contact with secondary wiring under 
accidental conditions. Secondly, these details are im- 
portant to safe maintenance operations. 


INSTALLATION 


Usually, in industrial practice, the primary or source 
of power wiring gets the most attention. In welding 
operations, the welding cireuit—output side of the 
machine is equally important and this subject is there- 
fore considered along with the general subject of in- 
stallation. 

The latest edition (1947) of the National Electrical 
Code now recognizes that are welding is a duty cycle 
and not a continuous load and provide for selection of 
primary supply conductor feeding groups of welders on 
this basis, thus leading to savings in the amount of 
copper required for the primary circuits. 

It has been standard practice, over a period of years, 


646 Reddie 


Are Welding Safely 


to use magnetic starters rated in amperes instead of 
horsepower for starting the motors on motor-driven d.-c. 
welders and the Code now recognizes this practice. 

Practice on primary breakers at the welder has 
varied in the case of a.-c. welders. In most cases, 
welders, which are considered primarily for portable 
service, ratings below 300 amp., were supplied with a 
switch or circuit breaker mounted on the welder. The 
Code now requires that a switch rated in horsepower or 
a circuit breaker be installed in the primary connection 
of the welder unless it is supplied as part of the welder. 

In none of these cases does the motor starter, switch 
or circuit breaker mounted on or at the welder provide 
protection for the power supply circuit, and the Code 
requires proper circuit protection. 

In addition, it should be kept in mind that any device 
mounted on an a.-c. welder should be capable of opening 
the circuit under any conditions of load. Contactors 
are not in general use because they are not circuit 
breakers. The Code covers the proper selection of 
breakers or switches for the duty required. 

Provision must be made in all cases, either a.-c. or 
d.-c. machines for grounding the frame or case of the 
welder, in order to protect the operator against the 
possibility of exposure to the power supply voltage due 
to possible breakdown of insulation in the machine. 
Although this is improbable in modern machines, this 
safety measure should always be observed. 

Grounding of the frames is quite easy in machines 
permanently installed, but in portable machines, it can 
be easily overlooked. The use of multiconductor pri- 
mary cables is recommended. In the case of the small 
portable single-phase a.-c. welders an Underwriter’s 


approved primary cable with 2 power conductors and 
1 ground conductor complete with primary fittings is 
usually supplied as a part of the machine. Attention is 
especially called to the practice which should always be 
followed in the installation of groups of single-phase 
transformer type welders on single-phase or polyphase 


systems. 

Usually the electrical engineer thinks first of balanc- 
ing the load on a polyphase system. Although most 
modern a.-c. welders have open-circuit voltages within 
the maximum 80 v. recommended in the N.E.M.A. 
Standards indiscriminate connecting of these welders 
without attention to polarity and phase relations of the 
individual welders can result in combinations of volt- 
ages which under possible, even if remote circumstances 
could expose the operator to a considerably higher open- 
circuit voltage. The American War Standard on Safety 
in Electric and Gas Welding and Cutting Operations 
contains explicit instructions on how to handle this 
problem. 

To illustrate this point, consider two d.-c. welding 
generators, one set up for straight polarity work (holder 
negative) and the other set up for reverse polarity work 
(holder positive). The open-circuit voltages in this 
case would be additive. Assuming the “work’’ ter- 
minals of these two welders to be grounded as in normal 
practice, a person coming in contact simultaneously 
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with uninsulated parts of the electrode terminals, cables 
or holders would complete the circuit and be subjected 
to the sum of the individual voltages of the two ma- 
chines, say 160 v. in the case of machines having open- 
circuit voltages of 80 v. 

If a.-c. welders are not properly phased, similar freak 
conditions can exist and these can readily be avoided 
by following the methods of grouping the welders rec- 
ommended in the Code referred to. 


INSTALLATION—WELDING CIRCUIT 

The welding circuit, consisting of welding service 
cable for the electrode lead and work lead, electrode 
holder, ground clamps and connectors for providing ex- 
tensions to the leads is included under the subject of 
installation. 

These parts are all subject to hard usage and abuse, 
and, over a period of years, have been highly developed 
to meet both service and safety requirements. 

Welding cables have been developed to meet  re- 
quirements of flexibility and hard usage and cable of 
this type should always be used, and of a capacity to 
meet the maximum current requirements of the job. 
Standard tables are available in a number of places 
covering recommended cable size according to ampere 
capacity and length of leads. 

When welding lead cable extensions are necessary, 
substantial insulated connectors of the locking type 
should be used. 

The work lead (cable) is the most satisfactory means 
of providing the return circuit (ground) from the work 
to the welder. Some operating conditions may require 
using a steel structure or pipe line for the return circuit 
Under such circumstances, precautions must be taken 
against creating unsafe conditions, such as bonding the 
joints and making sure that no conditions of elec- 
trolysis or fire hazard exist. 

Pipes carrying gases, flammable liquids or electrical 
conductors, should never be used for ground returns. 

Pipes or structures used for ground returns should 
have all joints checked to make sure there is no sparking 
or heating that could constitute a fire hazard. Joints 
should be bonded if such structures are to be per- 
manently used, and periodic inspections should be made 
to insure that no condition of electrolysis or fire hazard 
exists due to using these structures as conductors. 

Electrode holders of many individual design types 
are available for the whole range of welding work from 
the lightest to the heaviest classes. These holders 
broadly fall into two classes, holders which are fully 
insulated and those which are insulated except for the 
electrode gripping jaws. 

The insulated jaw holders were originally developed 
to protect the work from marring due to accidental 
contact or to provide some protection against acciden- 
tally leaving a bare holder in contact with the work, 
rather than to afford additional operator protection 
against shock. 

Many bare jaw holders are still used but the trend is 
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toward the fully insulated type. The fully insulated 
type should always be used with a.-c. welders, as, if 
properly made, it will afford additional operator protec- 
tion. Care should be taken to make sure that fully in- 
sulated holders do not have exposed screw heads on any 
portion of the holder that might come in contact with 
the operator. 

Where service conditions permit, a continuous length 
of cable should be used from the holder to the machine, 
thus avoiding joints which if not well insulated could 
come in contact with the operator. This is usually 
satisfactory if lengths do not exceed 35 ft. and a good 
grade of extra flexible welding cable is used. In no case 
should cable splices be permitted within 10 ft. of the 
holder. 

It seems almost elemental to repeat that, in the case 
of portable welders, either large or small, care should be 
taken to see that primary supply cables are kept free of 
the welding leads, and that welding leads on all welding 
machines, portable or stationary, are kept in order and 
so placed as not to tangle with the operator, other 
people or other objects near the welding operations; 
yet failure to observe these simple rules can and does 
lead to serious or even fatal accidents. 

Figure 4 illustrates electrode and work leads made up 
in continuous cable runs from fully insulated electrode 
holder on electrode lead, and grounding lug on the work 
lead, to the attachment plugs used for connecting to the 
machines. The pilot cable connected to a lock type 
attachment plug on one end and a small switch built 
into the electrode holder handle on the other end is 
supplied for some welding applications. 


WELDING OPERATIONS 


Referring first to electric shock, normally the work 
setup is such that the work is grounded, and unless care 
is exercised, the operator can easily become grounded. 
The voltage existing between the electrode holder and 
the ground, during the off-are or no-load period, is the 


Fig.4 Electrode and work leads made up with continuous 

cable runs from fully insulated electrode holder on the 

electrode lead and work connection lug on the work lead, 

to the attachment plugs used to connect the leads to the 
machines 
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open-circuit voltage of the welder, and the operator can 
become exposed to this voltage while changing elec- 
trodes, setting up work or changing working position; 
unless he is properly instructed and uses the equipment 
provided for his protection. 

The danger is particularly present in hot weather, 
when the operator is sweaty, or when he is wet. He 
should develop the habit of always keeping his body 
insulated from both the work and the metal electrode 
and the holder. Particularly, he should never permit 
the bare metal part of an electrode, the electrode insula- 
tion or any metal part of the electrode holder to touch 
either his bare skin or any wet covering on his body. 
Consistent use of well-insulated electrode holders, well- 
insulated cables, dry-protective coverings on the hands 
and body and insulation from ground will be helpful in 
avoiding content. 

Partially used electrodes should be removed from 
holders when not in use. The operator should have a 
place to lay down his holder or hang it up when not in 
use ina manner that will avoid contact with persons or 
conducting objects. 

Operators should further be instructed in checking 
this equipment to make sure that electrode connections 
and insulation on holders and cables are in good condi- 
tion. 

In the interests of safety, the N.E.M.A. Standards 
referred to establish the maximum open-circuit voltage 
for industrial a.-c. welders at 80 v. for manual welding 
and 100 v. for machine welding. The ASA Code pre- 
viously referred to names 100 v. for single-operator, 
d.-c. welders, 80 v. for a.-c. welders when used on 
manual welding and 100 v. for a.-c. welders used on 
machine welding as the maxima for open-circuit volt- 
ages. 

The above figures are root mean square values and 
ure not set as safe values but as maximum values which 
need not be exceeded in good welding practice with all 
types of commercial electrodes. In fact, some types of 
electrodes are very satisfactory for operating at much 
lower open-circuit voltages and some welders are so de- 
signed as to operate with any type of electrode at open- 
circuit voltages substantially lower than these max- 
ima. 

Investigations made by Dalziel and Lagan and pub- 
lished in the March 1941 issue of Electrical West under 
the subject of “Practical Aspects of Electrical Shock,” 
provides authoritative basic data on this subject. 

The degree of shock injury depends upon current and 
not voltage. The current through the body is limited by 
the contact resistance at the surface of the skin and the 
body impedance. The contact resistance of dry skin 
may be as high as 100,000 ohms per square centimeter, 
but under extreme experimental conditions of wet hands 
and feet in the water and contact and body resistance 
may drop as low as 1000 ohms. 

The data developed by Dalziel and Lagan show that 
any voltages either alternating current or direct current 
that are high enough for good are welding are substan- 
tially higher than any voltage that could be considered 
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safe in the sense that it would be considered harmless 
under the worse conditions represented by the lowest 
body resistance, yet our a.-c. welding voltages are much 
lower than the 110 v. used on our lighting and domestic 
appliance circuits. 

Automatic open-circuit voltage controls, which auto- 
matically reduce the open-circuit voltage to approxi- 
mately 30 v. may be provided for a.-c. welders used in 
outdoor work where operators may be working on wet 
steel where it is harder to keep dry, or for use in con- 
fined quarters where there may be greater probability 
of the operator getting across the open-circuit voltage 
due to restricted space. 

The voltages used in a.-c. or d.-c. welding are not haz- 
ardous under normal operating conditions, but the data 
developed by these investigators emphasize the impor- 
tance of instructing operators on how to keep condi- 
tions normal through the use of good cables, well insu- 
lated holders and attachments, dry protective gloves 
and clothing. 

The personal protection of the operator from the 
radiant-are energy and from burns from spatter re- 
quires suitable helmets with protective filter lenses, 
protective gloves and other protective clothing such as 
sleeves, capes, aprons and leggings depending on the 
size, nature and location of the work. Except for light 
work, flameproof gauntlet-type gloves should be used. 

Helmets or face shields should be used on all welding 
operations and care must be exercised to keep them in 
good condition. The helmet is primarily for the use of 
the operator and the use of face shields should be con- 
fined to inspectors or others who might have occasion 
to watch the welding. 

Operators working close together or other workmen 
who might be in the immediate vicinity of an operator's 
are should be protected by screens if proximity and con- 
ditions require. We have not seen any rules governing 
this point and shop conditions are so varied that fixed 
rules would be difficult to set. This is a condition which 
should be observed and corrective action taken if there 
are indications of trouble. 

Goggles, clear or tinted, should be worn by operators, 
inspectors or other spectators in the vicinity when 
welds are being chipped and cleaned. 

Protective equipment for the eyes, face and head 
should conform to the American Standard Safety Code 
for Protection of Heads, Eyes and Respiratory Organs. 
Protective clothing is covered in the American War 
Standard Specification for Protective Occupational 
Clothing, L18. 


GASES AND FUMES FROM THE ARC 


Under ordinary conditions, when the welding of 
clean-carbon steel is carried on in large or well-ven- 
tilated areas with bare or coated-carbon steel elee- 
trodes, experience has shown that no health hazard 
exists. 

Under certain conditions of welding, health hazards 
due to gases, fumes or dusts may exist. These possible 
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Fig. 5 tssembly of two 500-amp. welders into a portable unit for outdoor work 


A large number of these assemblies are used in a large eastern shipyard. 
fi 


actual use. 
nections are thr 


hazards are not serious except when operating in spaces 
not properly ventilated and are almost entirely due to 
the presence of gases, dusts and fumes containing lead, 
zine, cadmium, fluorine or compounds thereof. When 
such hazards are present, sufficient ventilation or in- 
dividual respiratory protection must be provided 

The harmful fumes or gases, containing lead referred 
to above, would be present when an operator is welding 
or cutting lead, lead-bearing steel or steel coated with 
lead-bearing paint. Zinc fumes would be present when 
working on galvanized steel, brasses or bronzes, or steel 
coated with zinc-bearing paint. Steel parts are fre- 
quently coated with cadmium to prevent corrosion 
when used in industrial work, and welding on such steel 
gives rise to cadmium-bearing fumes 

The coatings on stainless-steel elect rodes contain com- 
pounds bearing fluorine which has doubtless given rise 
to erroneous thinking on stainless-steel welding. These 
compounds are extremely stable and experimental work 
indicates that, under ordinary conditions of use, harm- 
ful amounts of fumes are not produced from stainless- 
steel welding, vet it is important that good ventilation 
always he provided when this class of welding is being 
carried on. 

Some nitrous oxide is present in all welding, vet ex- 
perience shows that harmful effects from this gas are 
found, with the possible exception of welding done in 
extremely confined spaces, without ventilation. 

Three cases will be briefly considered under the sub- 
ject of ventilation: (1) welding in the open air—out- 
side; (2) welding indoors: and (3) welding in confined 
spaces. 


The following brief recommendations applying to 


these three cases will be helpful. 
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Welding in the Open Air 


Positive ventilating devices for 
fume removal or respiratory protec- 
tive equipment are not required 
in welding operations conducted in 
‘the open air, except when an oper- 
ator is engaged in welding or cutting 
lead or cadmium-coated metals or 
metals covered with lead, mercury or 
cadmium-bearing paint. ‘The opera- 
tor must not breathe appreciable 
quantities of such fumes. Local ex- 
haust ventilation can be used to draw 
the fumes away from the operator or 
respirators can be worn. Respira- 
tors are relatively inexpensive and 
provide good protection. 


Indoor Welding 


The assembly em- 


For continuous welding opera- 
tions, in industrial practice, it is 
generally considered that if an oper- 
ator has less than 10,000 cu. ft. space 
allowance, ventilating fans which will 
assure three to four changes of air per hour should be 
installed. 

For less extensive, intermittent or even occasional 
welding in small shops, care should be taken to see that 
open windows, doors or roof vents provide air changes. 
If this cannot be arranged, an exhaust fan should be 
installed. 


Fig. 6 Operator is welding on a large bedplate adjacent 
toan automatic welding operation just beyond the screen 
shown to the right 

A portable folding screen shields the operator in the foreground 
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Fig.7 Inspector observes operator as slag is removed from 
weld with pneumatic descaling chisel 


Both operator and inspector are equipped with approved ty pe safety 
goggles. Operator wears hi« safety goggles under his helmet while 
welding 


Positive ventilation, such as an air-suction line, 
should be provided to exhaust the fumes arising from 
welding or cutting metals containing, or coated with, 
lead, zine, cadmium or mercury. 


Operations in Confined Spaces 


All welding or cutting operations carried on inside 


relatively small, enclosed or restricted spaces such as 
tanks, boilers or pressure vessels must be adequately 
ventilated by forced ventilation. 

The numerous investigations and studies made over a 
period of years, supplemented by experience show that 
permanent harmful effects on the operator's health are 
not experienced in the course of welding operations, and 
that ventilation can readily be provided to take care of 
conditions outlined above which require it. 


Fire Prevention 


Production welding operations are normally carried 
on in regularly authorized shop areas, which are and 
should be kept free from combustible materials, oil, 
grease, Waste, etc. 

Welding construction or maintenance operations, 
usually carried on in a variety of locations outside 
authorized areas, should not be started until authorized 
by a person or persons to whom such authority has been 
delegated by the Management. 

If, during the course of any welding operation, com- 
bustible material has been exposed to sparks or heat, a 
watcher should remain on the job for at least 30 min 
after completion of the work to make sure that no 
smoldering fires have started. 

Figures 5, 6 and 7 are illustrative of some equipment 
and installations employing the principles discussed. 

In closing, I submit to you that many users of welding 
equipment have found it helpful and worth while to 
issue rales and recommendations to operators as well as 
supervisors covering safe operating practices applying 
to the over-all operations, as well as personal protective 
equipment for the operator. These range from = plain 
printed cards to illustrated pamphlets published in 
attractive, easily read and understandable stvle. 


Welded Light Stand 
for Oil Fields 


N DEVISING « means of illuminating the pump 
area of an oil-drilling rig, a California operator 
neatly solved his problem by welding up a bracket 
which holds two lamps and mounts over the top of the 

pump air chamber. The unit is fabricated from!) by 
1'/2-in. plate steel. The lower split ring forms the base of 
the unit. This ring is cut large enough to fit over the 
pump air chamber. The four braces are cut in the shape 
of the chamber and are welded at the top to a 1'/y-in. 
pipe flange, which takes the lamp standard, and at the 
bottom to the split ring. Some of the advantages of 
this unit are: The lamps are held high enough to give 
good illumination, and are out of the way of working 
personnel. The unit will not blow off the chamber, and 
in tearing down or setting up, the unit ean be quickly 
mounted by one man. 
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Industrial Use of Modified Armor-Plate Stee 


® The application of modified armor-type steels in connection 
with new designs of dippers and handles has added considerably 
more capacity and also made possible increased range of operation 


by A. F. Busick, Jr. 


HE coal-stripping industry has constantly de- 

manded power excavators of greater range and 

capacity. To lay because of higher production costs 

and increased difficulty of access to remaining 
coal veins these demands are of increasing importance 
The greater depth of overburden requires stripping 
shovels with longer booms and handles in order to stack 
the material. As the amount of overburden to be 
handled per ton of coal uncovered increases, the dipper 
capacity must also increase in order to keep the stripping 
cost within economic limits. For many years the power 
shovel industry has been striving to increase the range 
and capacity of its equipment. About twelve years 
ago our company built a number of aluminum dippers 
to replace the cast steel dippers then in service and 
thereby increased the capacity of then existing equip- 
ment approximately 30°, After the advent of low- 
alloy hot-rolled steels we found we could equal the 


weight of aluminum dippers by using welded steel 


Fig. 1) Strip mining operation—Hanna pit 
F. Busick, }r., is Chief Engineer, Marion Power Shovel Co 
Ohio 


This paper was presented at the Ohio Welding Conference 
versity, April 7, 1949 
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Fig. 2 Stripping and loading—Southwestern pit 


construction for the body of the Cippers with a sub- 
stantial saving in cost. In the last three years the 
application of modified armor-type steels in connection 
with new designs ol dippers and handles has added 
considerably more capacity and also made possible 


increased range of operation. 


COAL-STRIPPING OPERATION 


Before going into details ef the coal-stripping ma- 
chines | would like to give you a general idea of the 
coal-stripping operation. In open-pit strip mining the 
coal is uncovered in successive strips or cuts. See Fig. 1. 
That is the overburden, earth, rock, shale, etc., is re- 
moved from the vein and placed to one side forming a 
pit or strip 45 to 80 ft. wide and many hundred feet 
long. The uncovered coal is then loaded out with 
small shovels and the overburden over the vein in the 
next adjacent strip is excavated and deposited in the 
area from which the coal was last removed. See Fig. 2. 
In flat areas this process can go on indefinitely or to the 
limit of the property lines. In hillside stripping the 
overburden becomes thicker as the successive strips 
extend further and further from the outcrop toward the 
high part of the hill. 
limited by the depth of the overburden which can be 


In this case the stripping area is 


spoiled. The range of the machine, which determines 
its dumping height and reach, is of utmost importance 
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Fig. 3) Marion Type 5561 with 45-cu. yd. dipper—Hanna 


in the recovery of coal reserves. During and after 
World War I, the maximum overburden which could 
profitably be removed in Ohio with the largest equip- 
ment (6 cu. yd.) then available has about 60 ft. of rock 
for a 5-ft. vein of coal. Today, with the use of the 
largest (45 cu. yd.) equipment, the limiting depth of 
overburden which can profitably be handled is about 
85 ft. of rock. These areas are worked with the largest 
equipment now available, however smaller 
areas are being stripped with much smaller equipment 
where the depth of the overburden handled is usually 
less than 40 ft. 


THE LARGEST STRIPPING SHOVEL 


The machine that has played so large a part in re- 
moving heavy overburden is the Marion 5561 shown by 
This machine was originally designed in 1¢39 
It now 


big. 3. 
to carry a 55-cu. yd. dipper on a 105-ft. boom. 
carries a 45-cu. yd. dipper on a 120-ft. boom. 

The 5561 is a large machine, it weighs almost 1700 
tons and costs about $1,000,000. Its over-all height is 
120 ft. or about the same as a 10-story building and the 
combined power of all its ten motors is 2900 hp. ‘The 
machine itself consists of verious basic components; 
working from the bottom up these units are: the twin 
belt crawlers under each corner, lower frame, upper or 
rotating frame, gantry, boom, crowding handle, stiff 
leg, dipper handle, dipper and bail. 

The lower frame or foundation is mounted on the tour 
crawler units through hydraulic jacks which serve to 
keep the frame level. The rotating frame rests on a 
live-roller circle, like a huge roller-type thrust bearing, 
which in turn is supported by the lower frame. This 
arrangement allows 360° rotation. The upper frame 
carries the main structural members as well as all of the 
machinery and controls. The boom, stiff leg and gantry 
all connect to the upper frame and with the counter- 
weight in the rear of the frame make up a balanced 
stress system. The gantry, which mounts the crowding 
machinery and carries the boom support cables is 
rigidly fixed to the frame. The front end of the shovel 
consists of the handles, stiff leg and boom. The boom 
serves only as a mounting for the point sheaves that 
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carry the host cable for raising the dipper. This is 
contrary to small shovel construction where the boom 
also mounts the crowding machinery. Crowding, 
moving the dipper in and out, is accomplished by a 
rack and pinion drive on the crowd handle which is 
attached to the dipper handle through a universal joint 
as shown in Fig. 4. The stiff leg serves to guide the 
path of the universal connection through an are of 
travel. This arrangement throws the loads due to 
crowding the dipper into the bank directly into the 
rigid gantry instead of into the center of the boom and 
serves to take bending loads out of the boom allowing 
lighter construction and greater length. 

The dipper, bail and dipper handle plus the weight 
of load in the dipper when fully extended to maximun 
radius of operation must be balanced by the counter- 
weight in the rear end of the machine. The total 
weight of these parts must be handled by the hoisting 
equipment which must also have sufficient power for 
digging. It follows that for a given size of machine 
any saving in the dead weight of the dipper, bail and 
handle can be utilized for extra load capacity. On the 
other hand these units are directly subjected to the 
digging stresses and must be very rugged. It is here 
that the high strength to weight ratio of the armor- 
plate steels is so advantageous. 


NEW ARMOR STEELS 


Our research and development over the vears have 
included many approaches to the problem of extending 


stripping shovel capacity and range beyond the barriers 
created by strength requirements and weight limita- 
tions. With the materials previously available, it 
appeared that the 35-cu. vd. dipper was the maximum 
size for the largest standard shovel in production. 
During the war vears we learned about the de- 


velopment of new armor-plate steels. The mechanical 
properties of these steels were much higher than ob- 
tainable from prewar materials and we were convinced 
they would permit us to go well beyond the limitations 


Fig. 4 View of universal joint connection 


THe WELDING JOURNAL 


| 

— 
| 

\ 
—— 

%\\ | 4 
& 
\ a.’ 
: 


of low-alloy hot-rolled steels, which had found general 
acceptance previously. 

These new armor-plate steels, developed and pro- 
duced during the war for ordnance material, contained 
relatively small amounts of scarce alloving elements. 
However, all of the steels had extremely high me- 
chanical properties which were obtained by proper heat 
treatment and several steel companies acquired facili- 
ties for quenching and tempering large plates in heavy 
tonnages. We were advised by these companies that 
these heat treating facilities would be continued in 
use after the war and we could count on a commercial 
supply of these steels for industrial use. The various 
steel producers used different analyses, most of which 
were heat treated to obtain yield strengths in excess 
of 100,000 psi. and tensile strengths from 125,600 psi 
upward. All had good ductility and high-impact 
strength which was retained exceptionally well at sub- 
zero temperatures. 

Karly studies indicated that these high-strength 
steels, as developed for ordnance, were of doubtful 
industrial practicability because welds could not de- 
velop the full strength of the sections. Furthermore, 
design limitations prohibited taking full advantage of 
the properties available because of the danger of buck- 
ling the thin sections that would be obtained. 

feducing the carbon content and increasing the draw 
temperature gave us a modified armor steel which de- 
veloped physical properties of 80,000 psi. vield strength 
and 100,000 psi. tensile strength with greater ductility 
and higher impact strength. This also simplified the 
welding problem. These properties lent themselves 
readily to design problems and gave almost 50° greater 
strength than was previously available in the so-called 
high-strength or low-alloy hot-rolled structural steels 

While these quenched and tempered armor-plate 
steels were being developed a high-alloy austenitic 
armor was introduced. This was an austenitic man- 
ganese steel with chromium, nickel and molybdenum 
added. In the hot-rolled normalized condition it had a 
yield strength of 80,000 psi. and an ultimate strength of 
120,000 psi. 

In addition to its exceptionally high ductility it had 
the usual impact hardening characteristics of Hadfield 
manganese steel which made it ideal for abrasion-resist- 
ing service. It is a very high premium steel, and its 
use hinges largely on the evaluation of first cost vs 
service. We have not had enough experience yet to 
exactly determine its economical use as compared with 
the modified armor steel mentioned previously. 

These two types of steel——low-alloy quenched and 
tempered plates and high-alloy austenitic hot-rolled 
plates will be constantly referred to during this dis- 
cussion because we have used both in rather large 
quantities. On occasion each has been used alone, at 
other times we have used a combination of the two. 
This has been done deliberately in order to gain experi- 
ence on which to base the most economical final design. 

Table 1 shows the properties of these steels as com- 
pared with ordinary mild steel. 


Table 1—Mechanical Properties of Steels Used 


Per cent Per cent 


Vield Te nsile elonga- reduc- 
strength, strength, tion in tion of 
Material psi p.8.t. 2? in.* area 
Mild steel A.S.- 30,000 60,000 22 
T.M. AZ (hot 36,000 72,000 
rolled ) 
Low-alloy  high- 50,000 65,000 22 15 
strength — steel 60,000 75,000 
hot rolle 1 ) 
Modified armor 80,000 90,000 25 60 
steelT quenched 85,000 109,000 
and tempered ) 
Modified austen- 75,000 115,000 35-45 410-50 
itic armor steel 100,000 130,000 


hot rolled) 


* Minimum values 
+ 1200° F. draw temperature 


PROBLEMS OF DESIGN 


The development of large armor-plate dippers has 
come in two stages. First, we set out to design and 
build a 40-eu. yd. armor-plate dipper, bail and dipper 
handle to replace the previous 35-cu. yd. units. After 
many of these had proved entirely satisfactory in service 
we decided that perhaps we had been ultra conserva- 
tive in the use of the material. It appeared that we 
could probably go further than we had in reducing see- 
tions and also in using fabricated parts instead of cast- 
ings. So we, in cooperation with the Hanna Coal Co., 
designed an experimental 45-cu. yd. dipper which is now 
in service near Cadiz, Ohio. Particular attention was 
given the question of changing the contours of the dipper 
to obtain the additional capacity most efficiently from a 
digging standpoint. In this we were assisted con- 
siderably by the Hanna Coal Co. in their day by day 
study of digging conditions and the flow of matertal 
into the dipper. As a result of this the 4€-yd. dipper 
filled somewhat better than the 35-yd. and the 45-vd 
unit shows a greater improvement over the 40 yd. 

The 35-cu. vd. dipper is shown in Fig. 5, and you will 
note the flat front and straight back. This dipper 
Was equipped with cast-manganese steel lip, heel and 
door. The hinges were cast steel and were pin con- 
nected to the door. 

Figure 6 shows the 40-cu. yd. dipper on which we 
omitted the cast heel and cast door using armor-plate 
steels throughout except that the digging lip, which 
carries the teeth, was maintained as a manganese casting. 
Since the shell plates were lighter than those used 
before we gave particular attention to stiffening the 
side, front and back using box sections and half rounds 
to prevent weaving and buckling under compressive 
loads. 

The 45-cu. yd. dipper is shown in Fig. 7. The con- 
tours of the front and rear were made to a 10-ft. radius 
and the digging lip was made of armor steel as an in- 
tegral part of the dipper. The amount of stiffening 
on the sides and front was materially reduced resulting in 
a substantial savings in cost and weight. 

The design of the dipper doors was materially 
changed. On the 40-vd. door, Fig. 8, we made the 
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hig. 5) 35-eu. vd. dipper complete (on car) 


hinges of box sections fabricated as an integral part of 
the door. Three hinges were used reducing the spread 
between centers. An interesting detail of construction 
was the use of rubber compression bushings on the 
hinge pins to distribute the load over the three hinges. 
They also absorb some of the shock incident to handling 
large rocks which occasionally slide down the digging 
face into the dipper. 

On the 45-vd. dipper door, Fig. 9, we used T-seetion 
hinges and less reinforcing. 

In designing the new dipper handle we changed from 
the conventional box section welded along the corners 


hig. 6 yd. dipper complete (in shop) 
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Fiz. t5-cu. yd. dipper complete (in shop) 


a rounded section made of two U-shaped formed 
plates welded together. This reduced the longitudinal 
welding to one joint down each side, located on the 
neutral axis where the weld would be least subject to 
stress from vertical bending loads. The swivel casting 
which is a longitudinal journal permitting the dipper 
to rotate about the axis of the handle was moved from 
its previous position between the dipper and handle to 
the opposite end of the handle. This removed con- 
siderable weight from the back of the dipper and en- 


abled us to weld the handle directly to the dipper as 


shown in Fig. 10.) Since the journal was substantially 
removed from the digging loads we were able to use a 
smaller, lighter unit at the point where the handle 


Fig. 8 $-cu. vd. dipper door 
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§5-cu. vd. dipper showing door 


handle we changed this design on the 
45 vd. to obtain a more gradual tran- 
sition. This is shown in Fig. 11. 
The complete 45-yd. handle with the 
swivel journal is shown in Fig. 12. 

A comparison of the weights of the 
armor steel units with the previous 
designs is shown in Table 2 The 
weight of the load in the dipper is 
added so as to show the comparative 
working weights In these figures it 
can be seen that the machine can 
handle either the 40 or 45 combina- 
tions as easily as the original 35 cu. 
vd. and this has been definitely 
proved in service 


OTHER FRONT-END CHANGES 


Suceesstul installations of larger 
dippers on existing machines natur- 
allv led us to consider what use might 
be made of alloy steel in the boom, 
stiff leg and crowding handle. Weight 
reductions in these members would 
enable us to inerease the range of 
the machine——still using the larger 
dippers. Our studies indicated that 


connects to the stiff leg universal joint 


Table 2—Weight Comparison of 35-, #- and 45-Cu. Yd. 


fact that the 40-vd. design gave a rather abrupt change 
of section where the pyramid back connects to the 


material at 3000 


Dippers 
35 cu. yd jOcu. yd., en, yd, 
hase), % 
empty dipper 100 87.5 72 
100 64.0 70 
dipper handle 100 64.5 72 
100 114.0 128 
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45-cu. vd. dipper on handle 
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| take full avantage of their physical properties. 


the use of armor-plate steels under present conditions 
would not be economically feasible at these points, but 
by redesigning to take full advantage of low-alloy strue- 
tural steels instead of mild steel increased ranges could 
be obtained at nominal cost. 

The boom was redesigned using a latticed type con- 
struction with low alloy chords and pipe bracing instead 
of a box section. This made it possible to increase the 
length of boom from 105 to 120 ft. and obtain a total 
reduction in weight of 2307. 

The crowd handle and stiff leg were lengthened 2 
and 3 ft., respectively, and the total weight was slightly 
reduced, due to the use of low-alloy structural steel 
instead of mild steel. 

I believe it is interesting to note that the crowd 
handle was the only member in which plate thickness 
was reduced without increasing the section to provide 
stiffness. Our experience quickly proved that addi- 
tional stiffness would be required, as the members were 
entirely too flexible. This is substantial proof that in 
designing to take advantage of high-strength alloys, it 
is necessary to maintain the moment of inertia of the 
section to prevent excessive deflection, even though the 
unit stress is kept proportional to the strength of steel. 

An examination was then 
formance and loads using the new front end assembly 


made of over-all per- 
Table 3 gives a comparison between the new equipment 


and the previous 35-cu. vd. standard machine. 


CONSTRUCTION 


The final basic problem confronting us in our ap- 
wouch to the use of the new armor-type steels was 
the establishment of proper fabricating procedures to 


Weld- 


) ing immediately appeared to be the major difficulty 


The main questions were: (1) selection of the proper 
type of welding electrode, (2) selecting the best joint 


design and (3) setting up the actual welding procedures. 


These factors had to be determined for both the 


quenched and tempered and the austenitic-type steels. 


Fig. 12 
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Table 3—Working Range and Performance Comparison 


45 cu. yd. 
120 ft. O in, 
60 ft. 6 in, 


eu. yd. 
120 ft. O in. 
60 ft. 6 in. 


35 eu. yl. 
105 ft. Oin. 
57 ft. Yin. 


Boom 

Dipper handle 

Maximum dumping 
height 

Dumping radius at 
maximum height 

Maximum dumping 
radius 

Bail pull-maximum 

Cutting effort at lip 

Weight of dipper, bail, 
handle and material 

Weight of boom, stiff 
leg and crowd handle 


75 ft. Oin. S81 ft. 6in. 80 ft. 3 in. 


113 ft. Oin. 115 ft. 6in. 116 ft. 3 in. 
116 ft. O in. 
100% 
100% 


120 ft. O in. 
100% 
133% 


120 ft. 3 in. 
100% 


100% 


100% 


SELECTION OF WELDING ELECTRODES 


It was desired to obtain the highest joint efficiencies 
possible in order to utilize the weight-saving potentiali- 
In addition it was desirable 
to hold electrode cost to a minimum. The National 
Defense Research Council had developed a ferritie type 
Th's 


electrode was used successfully for fabricating light gage 


ties of the armor steels. 


electrode for welding alloy armor-plate steels. 


armor in tank construction, and also in certain gun 
mounts. Several electrodes of this type were com- 
mercially available. 
type coating similar to stainless-steel electrodes, but 


These electrodes had lime- 
used alloy-steel core wire. 

Many laboratory tests were made of various elee- 
trodes to select the one most suited for our purpose 

Most of these were high strength rods having a vield 
strength of about 115,000 psi. and we found them prone 
to develop cracks in welded assemblies due to low- 
ductility values. 
itself we finally decided that for our service ductility 
We adopted a rod having 


As in the ease of the armor steel 


was of prime importance. 
approximately 25°; elongation in 2 in. with a yield 
strength of 75,060 to 85,060 psi. and an ultimate strength 
of 100,000 psi. 
match the steel very closely. 


The tensile properties of the electrodes 


45-cu. yd. dipper handle 
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Since the plate stock varied from * , to 1°/, in., a root 
opening of */j, in. was used with an included angle of 


25 or 30°, depending upon thickness. 

The attachment of stiffeners, webs, etc., was by means 
of the double-fillet tee-type joint. However, if the joint 
was subject to tension loads it was beveled and groove 


welds plus reinforcing fillets used 


Many special joints were encountered at corners and 


around castings but in every case the major joint design 


was such that complete weld penetration was assured. 


The joint designs for the quenched and tempered 


steel and for the austenitic steel were made essentially 


the same. 


ESTABLISHING WELDING PROCEDURE 


The welding procedure, in addition to specifying the 


materials and rods, gave the order of assembly, sequence 


of welding, preheat and postheat treatment. Early 


tests indicated that preheating of the alloy armor was 
necessary. A preheat and interpass temperature of 


200° minimum was satisfactory to minimize excessive 
hardening of the heat-affected zone. In welding the 
first 40-vd. quenched and tempered unit, we encoun- 
tered considerable difficulty with weld cracking. This 
was due principally to the lack of proper preheating. 


Raising the preheat specification to 300° and the shop 


use of additional heating units soon overcame this 


Fig. 13) MW-cu. yd. dipper front subassembly difficulty and little trouble from this source has been 
experienced with subsequent units. The welding 


The austentic-armor steel presented a different prob- operators found the new welding electrodes slightly 
lem. It was obvious that an austenitie rod should be harder to use than the mild steel rods in use formerly. 


used to avoid trouble from dilution: 


however manganese rods and the 


usual IS-S8 stainless came far short 


of matching the strength of the 
parent metal. We actually built an 


experimental bail using modified 
IS-8 and it failed repeatedly in the 
welds To obtain the highest joint 
efficiency we found that A.L.S.1.-312 
(29 9) gave the best results with 
A.L.S.1.-309 (25 12) next in line 
Both of these rods have been used 


successfully in many dippers. 


SELECTION OF JOINT 
DESIGN 


In order to obtain high efficiencies 


in butt joints full penetration welds 


are necessary. This immediately 


dictated joint designs with root open- 


ings and without root faces or noses. 
Single and double vee and bevel 


welds were all used for joining main 


structural members. The exact de- 


tail of the joint depended upon its 


accessibility and gage of the material Fig. 14 40-cu. yd. dipper back subassembly 
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They soon recognized the need for maintaining 2 very 
Bhort are, limiting weaving and using welding currents 


Blightly below those used previously. Subassern blies, 
also dipper doors and bails, which were built of quenched 
@nud tempered steel were stress relieved at 1150° F. 

The same preheat temperature (300° F.) was used on 
the austenitic steel to simplify shop procedure as nu- 
merous joints between the austenitic steel and quenched 
and tempered steels were necessary. The nickel con- 
tent of the austenitic steel made this feasible. However, 
the postheating, or stress-relief operation, was omitted 
since it would not increase the ductility of the joint, 
and since it would also result in heavy warpage due to 
the high coefficient of expansion of austenitic steel. 
Furthermore, the extremely high duetility of parent 
metal and the stainless electrode made it appear rela- 
tively unimportant. 

Another problem was the burning and forming of the 
armor-steel plates. It was found that the burned edges 
of the quenched and tempered plate air hardened to 
approximately 370° Brinell which was undesirable if 
machining operations had to be carried on. Preheating 
the plates 300-5060° F. 
hardening to approximately 260 Brinell. 

Burning of the austenitic steel was extremely difficult 


before burning reduced this 


and was the subject of major concern until we started 
using the powder-cutting process. We used com- 
mercially available equipment which injects an iron- 
rich powder into the cutting oxygen stream resulting 
in high temperature and a certain fluxing action and 
found it very effective. 
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Fig. 15) 45-cu. yd. dipper front and back subassembly 
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Forming of the plates required 
high-capacity rolls and presses due 
to the high yield point of the mate- 
rial and extra allowance had to be 
made for spring back. 


SHOP FABRICATION 


The first dippers were fabricated 
from two major subassemblies: the 
front, whieh included the sides, and 
the back. 


front subassembly almost completed. 


Figure 13) shows the 


This assembly is of an early 40-vd. 
dipper and is made of the austenitic 
steel. The heavy bracing required 
for final assembly can be seen on the 
far side of the member. Figure 14 
shows the back subassembly nearing 
completion. Later we used separate 
subassemblies for the sides. 

Figure 15 shows the first 45-yd. 
completed front and back subassem- 
blies awaiting the side-plate assem- 
blies prior to final welding. Note that 
the side plate assemblies extend from 
the front assembly to the top of the 
back assembly. Since this unit was 

made of quenched and tempered steel 
the major subassemblies were fur- 
nace stress relieved individually, due to furnace size 
After stress relieving, the subassemblies 
The entire 


limitations. 
were tack welded together and braced. 
dipper was then positioned on the floor for down- 
hand welding. 

Figure 16 shows the completed dipper loaded for 
shipment and gives a good view of the side plates and 
abrasion resisting half rounds. On all dippers these 
half rounds are of the austenitic composition and must 
be welded with a stainless electrode. It was necessary 
to remove the tooth bases and ship the unit in the 
inverted position in order to meet highway clearance 
limitations. The bases were welded in place and the 
dipper welded to the handle on the job 


Fig. 16 45-cu. yd. dipper on trailer 
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SUMMARY 
We are very pleased with the results that we have 
obtained by more or less pioneering in the use of these 
We are now designing 


steels in industrial service. 
dippers and handles for smaller machines for special 
applications where the high ductility and impact proper- 
ties at low temperatures will be of special importance. 


In the past three vears we have processed in our 


plant over 700 tons of quenched and tempered steel and 
225 tons of the austenitic-armor plate. Since we built 
the first 10-yd. and the first 40-yd. dippers and put them 
in service in 1946 we have made a dozen other installa- 
tions and have orders for eight additional units at the 
present time. Needless to say, we no longer look upon 
modified armor-plate steels as an experiment but con- 


sider them a proved industrial item 


Metallizing in Relation 


by J. Barrington Stiles. M.1.Mech.E. 


Discussion 
F.A. Riverr (Visitor) said that he felt that marine 
engineering was one of the fields in which metal spraying 
could be of most outstanding value. The author had 
dealt at length with the subject of building up by metal 
spraying for the reclamation of worn parts. On this 
subject, he was, of course, an authority, and there was 
no doubt that the many outstanding examples of satis- 
factory build-up jobs which he had described indicated 
the big fields for this process. He himself was more 
interested in metal spraying as a method of surface 
treatment of steel to prevent rusting, which was, of 
course, a chronic trouble in marine work. 
Using the Schori powder-spraying process, they had 
in recent years done some work which he thought would 
They had found that there 


was a big demand for the zine spraying of steel lifeboats, 


be of interest to mention. 


principally because the process could be carried out 
after the lifeboat had been completely fabricated and 
because the thick coatings of zine applied gave long 
protection against corrosion. Perhaps he might men- 
tion in passing the lifeboats of the Orient Line 3.8 
Orcades which were zine sprayed in this way and were 
subsequently adrift for many months after the liner was 
sunk. The lifeboats were finally collected, examined 
and put into service again as they showed no corrosion 

More recently his firm had zine spraved more than 
100 welded craft for the Admiralty 
were 30-ft. and some were 40-ft 


Some of these 
launches. They 
applied 0.006 in. of zine above the waterline and 0.012 
in. below. Because of the rustproofing it was possible 
to build the launches of lighter gage plate than normally 
used, with a considerable saving in weight and increase 


in speed. 


This article was published in Toe Wetoine Journar, June 1949, pp. 541 
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Much work which was being done at the present 
time in the Bristol Channel would, he was sure, be of 
interest to all marine engineers. The necessity for 
keeping the deep tanks of cargo ships in a clean condi- 
tion Was well known, and the very short life of paint on 
the surfaces of these tanks due to alternate exposure to 
sea water and cargo Was well known also. It had been 
found that the shotblasting and zinc spraying of the 
surfaces of these deep tanks followed by the application 
of zine chromate paint plus an appropriate finishing 
coat, kept the tanks in a clean condition for a much 
longer period. The initial cost of shotblasting and zine 
spraying was, of course, higher than painting, but the 
economy of protecting deep tanks in this way became 
obvious when the cost of the number of rep: ngs 
which otherwise would have been necessary was taken 
Into account 

This work was being done on an increasing scale. In 
the first place there was some difficulty with dust pro- 
duced during shotbiasting which interfered with work 
on other parts of the ship. This had been overcome, 
at least as far as working inside the vessel was con- 
There was still some difficulty about dust 
produced during shotblasting of the outside of the hull, 


cerned. 


but this matter was having close consideration and 
would be remedied. 

The author had remarked that it was not satisfactory 
in general to zine spray only the plates around the wind 
and water line of a ship, because, as one then had a 
large cathode and a small anode, the rate of attack on 
the zine was high resulting in only a short period of 
effective rust prevention. He agreed that, theoret- 
ically, this was correct, and it would also apply where 
the hull was not painted or if the paint coats on the hull 
were not maintained. However, it appeared from the 
experience of his firm that, provided a correct painting 
technique was used after spraying and the paint coats 
were muintained in a good condition, considerable bene- 
fit could be obtained by zine spraying the plates on the 
wind and water line of a vessel, no doubt because of the 


insulating effect of the paint. However, it was better 


practice to spray the entire hull 
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He wished also to mention some interesting work on 
an oil tanker which they carried out a sufficiently long 
time ago for the success of the work not to be obvious. 
The tanker was a German ship taken over for repatri- 
ations and being reconditioned in this country. There 
was heavy pitting of the plates in the bottom of the 
tanks and these pits were built up with sprayed zine 
until they were flush with the surface of the surrounding 
plates. They also zine sprayed the surrounding steel 
work. After two years’ service the zine was intact and 
in excellent condition. Another interesting job of 
building up deep pitting was the rudder of the S.S. 
Queen Mary. In 1937, after she had been launched 
about one vear, she was dry docked and it was found 
that some heavy pitting had occurred over a section of 
the rudder. The owners were afraid that if this attack 
continued it would lead to puncturing of the rudder. 
Shotblasting and zine spraying was done, filling ap the 
pits and bring the surface flush with the surrounding 
steel. He had the opportunity of examining this work 
twhen the ship was again in dry dock early in 1947, ten 
ears after it had been done, and he found that although 
there was some general corrosion, the zine which had 
been sprayed into the pits of the rudder was still there 
and in excellent condition. This was all the more re- 
markable because the rudder was exposed to the high- 
water speed from the screws. 

F. D. Crark (Associate Member of Council) asked 
what was the attitude of the classification societies to 
ithe metallizing process for marine repair work with 
special reference to corroded main engine crankshafts 
sand tail-end shafts? 

G. T. West (Visitor) said that when discussing par- 
ticle size it Waspointed out that a great deal of the bond- 
ing was due to the preparation of the particles. He 
imagined that the metal should be in a plastic state or in 
just about that state, when it was imparted to the sur- 
face. It was a rather important point to see that when 
spraving Was carried out the metal was in a plastic 
State. The firm he represented had done a considerable 

amount of metal spraying and had found it accepted by 
people with different ideas. In one instance the doors 
of certain bulkheads had been damaged after the ship 
was in collision. There was a gap between the door and 
the base when the door was closed due to slight distor- 
tion during welding and this gap was built up by 
metallizing in order to obtain a watertight joint when 
the door was closed. One inspector, however, said that 
with the vibration of the ship it would fall off, but 
another inspector from Llovds came up and sanctioned 
the repair. That was done four vears ago as a tempo- 
rary operation and had been successful. It was an in- 
stance of two expert people taking an entirely different 
view of the possibility of metal spraying. 

The author had done much in trying to break down 
the prejudice which some people entertained against 
metal spraying. If any failure did occur with metal 
spraying he would venture to say that in 99.90; of cases 
it wes entirely due to bad workmensbip or to bad prep- 
aration and not to the metal spraying process itself. 
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J. W. Oswacp (Visitor) said that his own firm had 
been concerned for twenty-five vears or so in electro- 
deposition. Electro-deposition and metal spraying 
were formerly somewhat rival processes, but the claims 
for each had now reached a certain maturity and it was 
found that they were not so much rivals as comple- 
mentary processes. There were some things which 
could be done best by metal spraying and others by 
electro-deposition. The author in many cases could 
carry out the job on the site where other jobs had come 
to his own firm. He thought that metal spraying could 
carry out work which electro-deposition could not do 
and vice versa. 

He wished to ask the author what he would do on a 
job that had been already metal sprayed. Was it 
possible to remetal spray on the old spraying or had this 
to be removed before they could start again? Was it 
He noticed 


” 


possible to build up interrupted surfaces? 
in the paper a reference to spraying a shaft which had 
a key-way. Was it necessary to spray right through 
the key-way or could they have that surface left inter- 
rupted? 

W. G. IRELAND (Associate) said that in the course of 
the discussion nothing had been said about boilers 
which were surely a subject to be considered. Were 
there any technical difficulties against using metal 
spraying internally in the boilers so as to resist: corro- 
sion? He was referring to boilers used on shore, par- 
ticularly the smaller multitubular ones for which the 
feed water was largely untreated and in which the in- 
ternal surfaces were accessible only when the boilers 
were being retubed. The metal-spraying process 
seemed suitable for arresting external wastage in the 
early stages, but was the system portable and eco- 
nomical enough to justify its use in such cases? 

A. Logan (Vice-Chairman of Council) said that if 
worn components could be economically restored to 
their original condition and would give the same degree 
of reliability, then a very importance advance had been 
made in the engineering world. Most of them had had 
experiences with metal spraying, some good and some 
not so good. From the instructive information given 
that evening it might now be possible to decide just 
why their particular job went wrong. 

In dealing with the shaping of the particle the author 
said: “On impact, and according to varying circum- 
stances, the kinetic energy of the particle must largely 
change to heat, and thereafter, in most cases it will be 
in intimate contact with a much larger and cooler body, 
so that rapid quenching results.”’ 

What were the varving circumstances through which 
the particles passed, and would such particles form the 
best, interlocking shapes irrespective of whether they 
were spraved on to, say, cast iron or a soft wood? It 
Was very interesting to hear just how effectively the 
particles did interlock, but most engineers would prefer 
to see the locking on a more positive basis. 

Accepting the satisfactory character of the interlock- 
ing, did vibration or shocks not break down some of the 
interlocking edges and cause a slackening-up process? 
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From what the author said in dealing with the bond- 
ing of the sprayed metal, it was evident that this was a 
most important stage of the process, and that the fuse 
bonding or Sprabonding seemed to be the most suitable 
methods. Both methods unfortunately had their 
difficulties which prevented them from being employed 
in all cases. The spray welding also sounded a most 
reliable method, and generally he would prefer to see 
some chemical union—should he call it?—of the two 
metals as was carried out by that method. 

From what was said still later in the paper it was to 
be noted that the sprayed metal had very poor shear 
qualities due no doubt to the mechanical interlocking of 
the particles. With this in mind they could decide 
what components could be effectively dealt with 
Briefly, he felt that the success of the work depended 
upon the preparation of the articles, the choice of bond- 
ing method, and the spray-gun operator. Where the 
sprayed metal had to serve as a filling medium there 
was not the same risk of dangerous disintegration, but 
very special care would have to be taken when the 
sprayed metal was subject to vibration, which in time 
might cause the particles to lose their interlocking edges. 

H. FREEMAN 
was aware there were two schools of thought on the 


Associate Member) said that as far as he 


metal-spraying process. One maintained that the finer 
the atomization the better the bond and the other that 
fine atomization was not in itself of material benefit 
considering the greater economic rate of deposition of 
the larger atomization. 

With finer atomization there was also a greater de- 
gree of oxidization to contend with. 

He wondered whether there had been a range of tests 
from fine to large atomization to ascertain the economic 
rate of deposition? 

Kk. Witson (Visitor) said that on the question of shot- 
blasting in his experience the general equipment in use 
Was approximately 30 psi. pressure, whereas the best 
results for metal spraying were obtained about 70 psi. 

He would like to mention one or two examples of 
metal spraying which might be of interest. One was a 
bronze drum about 4 ft. in diameter and 4 ft. long which 
required a polished face on the diameter. The casting 
when machined had a number of minute flaws so it was 
decided to metal spray it. The preparation was done 
by machining a fine thread of approximately 20 to the 
inch with a rough finish and the drum was spraved 
with bronze to a depth of approximately '/<. in. This 
evlinder was turned up and polished and gave good 
results 

Another example was the use of zine spraying parts of 
torpedoes which were approximately 21 in. in diameter 
and 4 ft. long and had to be sprayed to a depth of 
approximately 0.006 in. and then polished. This 
operation was earried out throughout the war under 
Admiralty inspection. He had one point to put to the 
author, namely the building up of a machined flat face 
He found it very difficult to get a good bond. 

Another point he wished to refer to was the use of 
He had used a considerable amount of this 


aluminum. 


on pots for heat treatment and it had been most suc- 
cessful. A coat of aluminum was sprayed on the shot- 
blasted surface and heat treated to approximately 800 

C., again shotblasted and sprayed and heat treated 
again. This had prolonged their life by approximately 
100°;,. 

T. P. Gipson (Visitor) referred to metal spraying of 
Diesel cylinder liners. He was speaking of liners which 
were hydraulically tested when new and then left to 
atmospheric conditions. How did metal spraying 
stand up under service conditions? How did it react 
later on, after the testing, and after it had been in 
service for some time? 

J. Pike (Visitor) said that from the marine engineer's 
point of view many talks on preparation had taken 
place during recent vears. They submitted that screw 
cutting of shafts might show stress and fatigue. There 
had been no experience of this actually happening and 
this preparation prior to metal spraying was generally 
used in most cases. The author had suggested that 
they could not carry on with the use of Sprabond be- 
cause of the dollar position—the wire coming from the 
U.S.A.—but now Sprabonding was being done by 
means of molybdenum, which was very easily obtained 
in this country. 

S. A. Hunn (Visitor) wrote that mention was made in 
the paper that “The human element enters into sand- 
blasting to such a degree that it cannot be considered 
reliable Although this appeared in the first see- 
tion of the paper he wondered to what extent it also 
applied to the preparation of the surface for protective 
coatings. He believed that sandblasting machines had 
been developed in America that recovered most of the 
abrasives, and it would be interesting to know whether 
these machines were suitable for ships’ work such as 
preparation of the hull surface when in dry dock, and 
also whether any of these machines were yet available 
in this country. 

It was interesting to note the remarks concerning the 
necessity for completely spray coating the hull of the 
ship with zine due to the failures that had been encoun- 
tered when only coating a portion of the hull. In this 
connection it was stated in the paper that “some partial 
failures of zine sprayed hulls occurred before the neces- 
sity to coat bronze propellers and shafts with Monel 
metal was fully appreciated,” and not knowing the full 
background he was not clear whether this application 
was to prevent corrosion of propeller, shaft or hull—in 
the case of the latter one might have imagined that the 
zine-spraved coating would have been sufficient protec- 
tion. 

Mention was made in the paper that “Red lead must 
not be used with zine coatings, nor must antifouling 
paints be employed with them since most of these con- 
tain metallic copper which would result in rapid corro- 
sion,’ and in this connection he would be pleased to 
know what types of paint were recommended for appli- 
cation between sprayed zine and the antifouling coating. 

The reference in the paper to the cycle of cargoes and 
ballast carried on a tanker no doubt referred to gasoline 
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and not to oil fuel because he understood that no corro- 
sion troubles were experienced with the latter. 

As there appeared to be a considerable quantity of 
occluded oxide film in a sprayed coating it would be in- 
teresting to know whether the presence of this oxide had 
any effect on the electrical conductivity between the 
steel and the exterior of the coating. 

Was it known how any of the new zine-rich paints 
such as “Zine-Rich Polystyrene’? compared in_ per- 
formance with zinc-sprayed coatings on ships’ hulls. 

Finally, it was appreciated that the condition of the 
metal to be sprayed determined to a considerable extent 
the costs involved in preparation and actual spraying 
but it would be very interesting to have some idea of 
the maximum and minimum costs likely to be experi- 
enced for example, in spraying a ship’s hull with zine. 


Lieut. Cot. N. B.Sc. (Member) wrote 
that, in his opinion, the main virtue of the paper lay in 
the note of caution which pervaded it. Many special- 
ized processes have been cut off at the roots by too 
glowing a description or by too much optimism at the 
outset, but all actual and potential users of metal- 
spraying process were duly warned that discretion must 
be used in its application. He fully agreed with the 
author that the process had many outstanding points of 
merit where speed, serviceability and cost were con- 
cerned, but each particular application must be fully 
analyzed. 

In the works with which he was connected a consider- 
able amount of work was done on the reclamation of 
worn components, and three building-up processes were 
in general use—(1) gas and electric welding, (2) hard 
nickel and chromium electro-deposition and (3) metal 
spraying. In deciding which process should be used the 
following considerations were made— (a) the service to 
which the object was to be put, (b) type and degree of 
preparation required and, in the case of metal spraying, 
whether the preparation would unduly weaken the 
object, (c) type and degree of machining required both 
before and after building up, (d) the manner in which 
the object had to be stressed in service, (@) cost, to 
which was allied the quantity to be done. The ratio of 
work given over to each of the processes is at present 
roughly 5/3/11. 

The paragraph on particle hardness gives interesting 
facts but drew no conclusions, but that might be due to 
the lack of experimental and analytical data available. 
He would commend to the author’s attention the excel- 
lent work carried out by Taylor* on the microhardness 
testing of metals whereby accurate hardness figures 
could be obtained on metal specimens at intervals of 
0.02 mm. and less. Loadings could also be as small as 
5 gm. at which loads accurate readings were possible 
and local disturbance small. 

The stress which the author placed on surface prep- 
aration Was well warranted and that was, in his estima- 
tion, the precise point at which the process succeeded or 


* Taylor, E. W Micro-hardness Testing of Metals,"’ Jnl. Inst. Metals 
74, 493 (1948). 
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failed, and too much attention could not be given to 
this when it was realized that the bond between the two 
metals was of a mechanical nature only. The prep- 
aration of soft metals presented no difficulty provided 
standard methods were used, and his experience had 
shown that grooving with a round-nosed tool and 
afterwards breaking down the crests with a knurl was 
the best. Where a thin coating was required for build- 
ing up a ball race housing or seating, gritblasting 
sufficed. 

The preparation of hardened surfaces presented a 
more difficult problem, the difficulty being to provide an 
efficient keying surface. The fuse bonding method was 
simple in operation and was effective. An examination 
of Fig. 9 showed a wide margin of material which was 
the electrode material deposited as a result of the arcing 
of the current between the electrode and the parent 
metal. A very strong bond resulted as there was pene- 
tration and chemical combination between the two 
metals. The extent of the keying surface was clearly 
seen and he had specimens which show this keying 
action to an even more marked degree. His experience 
with Sprabonding was very limited and, while the 
strength of bond between the Sprabond and the parent 
metal was understandable, perhaps the author could 
explain why the efficiency of the bond between the 
Sprabond coating and the sprayed metal was so high, 
especially as the Sprabond surface displayed little more 
irregularity than would be obtained by chemical etching 
or gritblasting. The explanation might well lie in that 
the Sprabond coat presented a random distribution of 
“splashed” globules, whereas the grit-blasted surface 
comprised mainly open pinnacles. 

There was one other matter respecting preparation 
which he did not think the author had mentioned, and 
that was the link between preparation and spraying. 
For small components he had found it advantageous for 
the operator to do both the preparation and the spray- 
ing, the interval between them being as short as poss- 
ible. The method of having surfaces prepared in a 
machine shop and then transported to the metal-spray- 
ing department could not be deprecated too strongly, 
and if it is essential, by virtue of machining facilities, 
that the preparation was done in the machine shop, 
then the spray plant and the operator should be trans- 
ferred to the job there. 

The hard ring formed at work shoulders mentioned 
by the author could be a very real nuisance in subse- 
quent machining, and partly for this reason and partly 
for general finish he advocated a ground finish wherever 
possible. The fact that the flattened particles of 
sprayed metal were mounted “on edge” also meant a 
higher concentration of oxide as the relative oxide con- 
tent in a flattened particle was higher in the thinner 
section. It would be interesting to know whether the 
author had considered, or had experimented with the 
principle of enclosing the metal spray in a shield of inert 
gas, e.g., argon. It would appear that many possibil- 
ities would be opened up if this oxidation, which was 
detrimental both to surface finish and to cohesion, 


THe WeLpInG JouRNAL 


4 
+ 
: 


despite the author’s theory of oxide cementation, was 

eliminated. There would also be a reduction in poros- 

itv, but to what extent it was difficult to visualize. 
Finally, he would quote the maxims to which success 


in metal spraying could be attributed: 
1. Meticulous preparation wherever possible, en- 
suring the preparation and spraying be done by 
the same operator wherever possible. 


For steel deposits use a high-carbon steel when 
proper machining facilities were available. 

3. Grind finish. 

$. Cautious application of the process on its merits 


J. G. Ropinson (Member) wrote that the first point 
that he would remark on was that the small particles of 
sprayed metal were not fused together, their adhesion 
depended mainly upon a “mechanical interlocking of 
the torn edges of the particles.””. Here then was a 
serious weakness. 

In Fig. 4 the author showed that the spray gun 
should be arranged 4 to 10 in. from the area to be 
sprayed. In addition to this regulating distance there 
were other varying circumstances which would influence 
the force at which the particles struck the target, and it 
would not therefore be easy to produce the best particle 
size and shape. Apart from this factor, the torn edges 
were the most highly stressed parts of the particles, 
stressed beyond the normal limits (otherwise the torn 
edges would not be there), so it would appear that the 
spraved metal was composed of a proportion of sound 
metal (core of particle) and the highly stressed jagged 
interlocking shapes. 

From these statements, it would appear that the 
sprayed metal should have very little elasticity or ten- 
sile stress properties and should not therefore be used 
for any purpose where such properties were likely to 
occur in any magnitude. 

Could the author supplement the information given 
in Table 2 by recording the elongation and_ tensile 
strength of the respective wires before they were atom- 
ized in the spray gun? With such information, it 
would be possible to decide just how effective the me- 
chanical interlocking really was. Further, could the 
author estimate the percentage of highly stressed metal 
in each sprayed particle. 

The author on several occasions made reference to the 
possibility of the sprayed metal cracking. Just how 
serious Was this risk? It was of course understood that 
if experts did the work, then the degree of reliability 
would be greatly enhanced, but what happened when 
the ordinary spray gun operator did the job? 

The idea of reclaiming worn parts such as cylinder 
liners, crankshafts, tailshafts, ete., appealed equally to 
all engineers, but in the marine sphere where large 
capital was invested in a ship, a very reasonable guaran- 
tee of success must be given, otherwise the demurrage 
incurred by the vessel for repairs or renewals would far 
outweigh the apparent initial economic gain. 

What was the attitude of the Classification Societies 


to this reclamation practice? They invariably reeom- 
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mended that tailshaft liners should be renewed when 
they were worn to any marked degree, so it would ap- 
pear that they did not accept metal spraying for such 
important parts. 

Ship repairers in this country were not very enthusi- 
astic about recommending the reclamation of worn 
parts which were subjected to heat variation or stressing 
and as such people were in a position to obtain far more 
first-hand information than the individual marine engi- 
neer, it would appear that their experiences did not 
confirm that metal spraying of the important parts re- 
ferred to had reached the stage of perfection required 
for marine work. He was aware that certain ship re- 
pairers in this country prohibited the use of metal 
spraying for any working part, i.e., any part which had 
movement relative to another 

In conclusion it would appear to him that metallizing 
of certain parts carried out by experts with the proper 
facilities could be satisfactory, but reclamation of worn 
parts on the scale envisaged in this paper was with the 
present technique rather optimistic. Time would, 
however, show whether this opinion was correct or not. 


Compr. (E) W. R. Srewarr (ember) wrote that the 
paper emphasized the mechanical nature of the bond 
between the base metal and the coating in the case of 
the simple sprayed-on coat. On this basis it would 
seem that, providing the preparation of the base metal 
surface had given sufficient mechanical anchorages, the 
absolute cleanliness of the base metal before spraying 
would not be of any great importance. On the other 
hand when dealing with “preheating” the author said 
that oxidation must be avoided and when discussing the 
spraying of ships’ hulls it was mentioned that spraying 
should be carried out immediately after shot blasting 
inferring perhaps that otherwise surface oxidation might 
tuke place and in some way spoil the adhesion. It 
would be interesting to have the author’s views on what 
degree of cleanliness was necessary before spraying, 1.e., 
what was the effect of a thin oxide film or of a residual 
layer of oil or grease left after the part to be sprayed had 
been “wiped clean.”’ 

He had had some small experience during the war of 
attempting to reclaim parts by metal spraying on board 
one of H.M. ships while operating in the Pacifie area. 
The parts concerned were mainly brass or bronze spin- 
dles from small centrifugal salt or fresh water pumps 
which had become deeply scored in way of the gland 
packing. The degree of success achieved varied but in 
general they were not very successful probably owing to 
lack of experience and knowledge of the process and the 
difficulty of the over-all conditions At the time most 
of the failures were attributed to lack of sufficient 
cleanliness of the surface since, after shotblasting or 
rough turning, it was not always possible to metal spray 
at once. In consequence the part had to be ‘“cleaned”’ 
again before spraying and it was felt this cleaning by 
wiping with rags might have left a surface film which 
spoiled adhesion. It would be interesting to have the 
author’s views on this possibility. 


He would also like to have the author’s views on the 
general suitability of the metal-spraying process for this 
purpose of reclaiming journals in way of soft gland 
packing. It frequently happened in practice that a 
gland was temporarily overtightened in an attempt to 
stop leakage resulting from bad packing or a spindle not 
running true. This caused considerable frietion and 
heating which would be noticed eventually and the 
gland slacked back. In the case of a plain metal sur- 
face no great harm would have been done but it seemed 
possible that a spraved-metal surface might fail quickly 
under these circumstances. Owing to the many layers 
of oxide interspersed with the metal in a spray coating it 
was to be expected that its coefficient of heat transfer 
would be low—at least in a direction normal to the sur- 
face. Therefore the temperature rise and expansion of 
the outer lavers would be greater than in the case of a 
solid metal spindle, since the heat generated by the 
friction must be carried away through the spindle in the 
absence of appreciable leakage. Hence the expansion 
due to heating would tend to enlarge the circumference 
of the outer layers and so cause a tensile stress normal 
to the surface to be set up in the sprayed coat whieh was 
weakest in this direction and might therefore fail more 
readily than would have been expected from its normal 
ability to withstand rotary shear. 

Incidentally the presumed low coefficient of heat 
transfer of a sprayed coat in a direction normal to its 
surface might lead to useful applications in cases where 
this property was desirable to reduce heat flow. 

R. ZesiaGca, Bsc. (Member) wrote that due to seare- 
ity of steel forgings and bronze in the last few vears, 
metallizing was very widely used in marine engineering 
in Spain. At first there were objections from engineer 
surveyors but these were based mainly on lack of knowl- 
edge of bond strength, and results had completely 
eliminated suspicion. As shown by the author, using 
the Meteo method of surface preparation the bond 
strength was of a very high order, even bigger than the 
ultimate strength of the sprayed coating. When con- 
sidering, for instance, metallized tail shaft liners a very 
simple caleulation would show that the bond strength 
per square inch was very much higher, with any good 
preparation, than the surface frietion per square inch 
which had to be resisted tangentially, and it Was a much 
better bond than that obtained with the old way of 
fitting liners. If necessary, bond strength could be 
tested previously for any method of preparation but 
this was superfluous with present experience considering 
that metallized coatings were used very successfully not 
only for bearing surfaces but also for breaking surfaces. 

Another objection had been the stress concentration 
factor due to surface preparation for spraying, in this 
respect the results given in Table 3 might be misleading 
to marine engineers. First, the fatigue concentration 
factor on hard steels was more than in the mild steel 
forgings used in marine engineering, Which were ideal for 
metallizing. Second, the size effeet was very important 
in fatigue endurance limit. Considering, for instance, 
the Metco method of shaft preparation, the grooving 
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for different diameters of shafts was the same, there- 
fore, the stress raiser Was decreasing with the increase of 
the diameter. For a half-inch test piece Deepness of 
grooving Diameter of shaft = about 1 20, while this 
ratio for a 12-in. diameter shaft was only about 1) 500 
which was much less than the stress concentration in 
keyways, oil holes and some fillets. 

One of the best applications of metallizing in marine 
engineering Was tailshaft liners. In Spain they had 
saved from scrap many bronze liners of shafts from 4 to 
18 in. diameter by spraying on deeply scored zones or by 
metallizing, from the steel upwards, the end parts ot 
liners which did not fit; also by spraying st:inless steel 
on corroded shafts of the bare steel type. 

But they were now using with great success metallized 
tailshafts of a new type. The technique was different 
to that adopted with the old liners, the thickness did 


not have to be! » to 1 in. as before s in. or less was 
sufficient. There were a very recent Spanish patent 
which fully protected the cone of the screw shaft, as 


shown in Fig. 24. 


i 


INCREASED If CONVENIENT 
THICKNESS OF LINER ABOUT 5 
(DEPENDS ON MATERIAL,DIAMETER,BEARING AND R.P.M.) 


Fig. 24 Metallized tailshafts 


According to Lloyd’s Register statistics about 80°; of 
screw-shaft fractures come from fatigue corrosion at the 
cone, as this new type of liner was the only one which 
protected it against corrosion and it was expected that 
these fractures would be reduced in the future. 

The salvaging and surface hardening of worn cylinder 
liners of big Diesel engines and of worn thrust surfaces 
Was another use of metallization in Spain. They had 
had also the experience of the 8.8. Apolo in May 1947 its 
1800 hp. triple-expansion steam engine, when medium- 
and low-pressure cranks became loose due to heavy 
weather in ballast. The low-pressure ones were metal 
sprayed and the same crankweb was shrunk on. This 
crank was fitted to the high-pressure rod. The me- 
dium-pressure one was renewed. In August 1047 the 
medium- and low-pressure cranks were loose again, and 
the metallized high-pressure crank was still working 
well. 


Author's Reply 


In reply, the author said that Mr. Rivett’s contribu- 
tion did not call for any answer. It was a very happy 
contribution, and he was glad to have support from such 
a quarter and to learn of his fortunate experiences with 
sprayed metal from the point of view of resistance to 
corrosion in, What they must all agree, were stenuous 


circumstances, 
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Mr. Clark had asked whether the classification soci- 
eties agreed that metal spraying could be used. In this 
country a good deal of building-up work on ships had 
been done, of course, with approval, but it was left to 
the discretion of the local surveyor to decide whether 
metal spraying should be used in a particular instance 
Many building-up permanent repairs and some tempo- 
rary repairs had been done. In one instance Lloyd's 
Register agreed to the repair of a cracked Diesel block 
by means of spraying the area heavily all over. All 
that could be said was that Lloyd’s Register left: the 
matter to the discretion of their local surveyors. For 
that reason, he would say that in different areas deci- 
sions as to What might be spraved varied a great deal, 
and this would of course apply to crankshafts and tail- 
end shafts. 

Mr. West had mentioned the plastic condition of the 
metal particles at the time of impact. One should 
imagine a sphere of metal which had been externally 
chilled, though not to any great depth, but to such an 
extent that the particles had a more or less solid erust 
In some cases the actual center of the particle would be 
molten and in general the center would be at about the 
melting temperature. On impact the crust would col- 
lapse and would furnish the effect which gave rise to 
mechanical bonding both to the parent metal and be- 
tween adjacent particles. 

Mr. West had also referred to divergent views on the 
process, and he thought that) Mr. Logan had made a 
similar remark. It was true that there were such di- 
vergent views. Ata recent meeting of a sister Institute, 
in a discussion involving metal spraying, one member 
had said, “I do not think spraying metals is good for 
anything except painting.” That was a drastic angle 
from which to view the subject. But within its lim- 
itations metal spraying was excellent for certain classes 
of work 
ing the things which could not be done by metal spray- 


He might have enlarged on this by mention- 


ing. For instance with metal spraying one could not 
join parts together in the same way as by welding. The 
substance of most criticism was that metal spraying re- 
lied on a mechanical bond and, except in a few special 
cases, this Was true, although irrational, since it took no 
account of the strength of mechanical bonds. Few 
people took the trouble to consider the value of some- 
thing that happened to “look wrong” to them—so it 
came about that the idea of blowing-on metal coatings, 
being so apparently vulnerable, became the target of 
The critics had been answered 

Mr. West had summed up the 


position when he said that the process was satisfactory 


much loose criticism 
by the success of work 


within limitations and that it still depended on the per- 
son responsible for carrying it out. One could not just 
blow metal on to a ship’s machinery and hope that it 
would stay there. But with proper mechanical prep- 
aration by any of the processes mentioned in the paper 
as appropriate to a particular class of work and the 
proper technique carried out during spraying, the part 
would certainly not fail as a result of the breaking down 
of the bond, or by lack of cohesion of the particles. 
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The value of electro-deposition and of metal spraying 
had been compared by Mr. Oswald and it was rightly 
said that each had its own field and that there was not 
much overlapping. Personally, he thought extremely 
highly of electro-deposition, but, again, this too de- 
pended to a very great extent upon the operator who 
Mr Oswald represents a companys which 


had specialized on the engineering side of electro- 


carried it out. 


deposition, and he would not like to ¢ross swords with 
him as to relative merits. There were instances where 
metal spraying was, and equally where it Was not, pre- 
ferred. 

\s far as remetallizing a metal-sprayed job was con- 
cerned, it was generally recommended that the original 
coating be removed by turning or grinding.  Inter- 
rupted surfaces could certainly be sprayed and he drew 
Mr. Oswald’s attention to Fig. 14 showing a shaft hav- 
ing two keyways at right angles in each end, and the 
method of dealing with kevways was described in the 
paper. 

Mr. Ireland had asked about boilers. A good deal ot 
work connected with the prevention of heat oxidization 
in boilers was carried out by metal spraying. The air 
cones of oil-fired boilers, where aluminum was the metal 
used for spraying was an example. On coal-burning 
boilers some work had been done in the wis ol protec- 
tion of the firebars with sprayed aluminum. As far as 
the internal protection of the boilers was concerned he 
did not know of any corrosion work earried out on them, 
but he did know of instances of external work on boilers 


While 


they were eonsidering boiler coatings to resist heat- 


in which there had been severe local corrosion 


corrosion, he might mention that spraying nickel- 
chromium on steel followed by aluminum and then heat 
testing to absorb the aluminum through the nickel 
chromium, had been successfully applied to some parts 
and had given excellent results. In some cases resist- 
ance to heat oxidization had been increased to such an 
extent that considerable savings had been effected 

Mr. Logan had asked what he meant by the expres- 
sion “varying circumstances” when referring to condi- 
tions at the instant of impact of the particle on the pre- 
pared base. He was afraid that he had been rather 
Of course, the most glaring variation was in the 
\ hardened steel with a high 


vague. 
nature of the material. 
impact value would naturally cause much more distor- 
tion of a softer particle than would a softer parent metal 
with a hard metal sprayed thereon. Other factors in- 
cluded the distance between the spray gun and work- 
piece and the angle formed by the line of spray and the 
surface. Even the degree of roughening had some 
effect on the particles in the laver immediately next to 
the parent metal. 

Mr. Logan had also raised the question whether 
vibration or shocks broke down some of the interlocking 
edges and caused a slackening-up process. In general 
his answer would be that they stood up to vibration. 
He did not know what particular application Mr. Logan 
had in mind nor what he meant exactly by his reference 
to shocks. He thought he had made it clear in the 
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paper that metal spraying was not satisfactory for ball 
or roller bearings, that is, point or line contacts. But as 
far as vibration was concerned he did not think any 
question arose but that the metal spraying stood up 
under extremely arduous conditions of vibration. The 
crankshaft was an example. When they considered the 
success of sprayed crankshafts they could scarcely take 
Mr. Logan seriously when he said he would feel happier 
if the coatings were fused. In this country there were 
something like 50,000 crankshafts metallized today, and 
he was still waiting to hear of failures. During the war 
he worked on the Crankshaft Reclamation Committee 
of the Ministry of Supply, where they watched a great 
deal of crankshaft operation and were naturally associ- 
ated with a number of operators. One firm in London 
had done many thousands of crankshafts, and the in- 
stances of failure which had come to his notice over a 
period of twelve vears amounted to fewer than a score. 
\s the number of metallized crankshafts in this country 
was, as he had said, 50,000, this was a very small per- 
centage. He thought he would have heard of it if 
there were failures, because usually it was the bad 
things about which one heard afterwards. 

As far as bonding was concerned he wanted to draw 
attention to Table 2 where it would be seen that there 
Was some variation in performance. One had metals 
like high-carbon steel having a very low shrinkage and 
high-carbon, high-chromium stainless steel almost as 
good, whereas at the other end of the scale they had 
brass and iron with very high shrinkages. One tended 
to select metals with low shrinkage because there was 
less tendency for them to crack under internal stress 
during contraction, and less risk of shrinkage damaging 
the bond. 

He wanted also to refer to Table 3 concerning the 


_ effects of preparation on mechanical properties. Here 


it would be seen that when shotblasted with angular 
steel grit the axial shear and rotary shear values were 
very low and it was extremely interesting to compare 
the estimated endurance limit of that type of prepara- 
tion, 54,000, with that of the plain polished specimen, 
$1,000 
lowered by shotblasting to 76°) of the original for the 


Thus, the stress concentration factor had been 
untreated part. All this was interesting and opened up 
wide possibilities for the use of shotblasting to prestress 
such things as springs so as to resist fatigue. 

The Admiralty had specified shotblasting for crank- 
shaft preparation. It stretched the surface, and if one 
started with a stretched surface then the part would 
not be so likely to fail by reason of fatigue. When the 
other methods of preparation were compared one could 
see that each of them had certain advantages, but the 
point which was outstanding was the shear strength of 
the bond. 
in either axial or rotary shear but putting the bond in 
tension, that it was extremely weak, and it would be 


It was not when one was putting the bond 


seen that the applications selected as being suitable for 
the process made good use of the strength and avoided 
any use which would subject the bond to severe tension. 
Since shotblasting preparation (having a rotary-shear 
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value of only 3150 psi. in Table 3) had been proved by 
experience to be satisfactory for crankshafts even under 
conditions causing seizure, Mr. Logan must surely agree 
that rotary parts generally would be safely prepared by 
fuse bonding (24,100 psi.) or by the “‘Metco”’ method of 
mechanical bonding (25,400 psi.). Similarly, with 
reciprocating parts, with the exception of shotblasting, 
the figures for axial shear value provided an altogether 
adequate margin of safety. 

Mr. Freeman had raised a point which had once been 
considered controversial. He had referred to two 
schools of thought on the subject of fine atomization. 
But he could not agree with him that fine atomization in 
itself could result in stressing the coating; it was rather 
the reverse. To obtain fine atomization the metal must 
be heated to a higher temperature at the point where 
the air impinged on the metal so to produce a very fine 
spray. Control of atomization with modern metal- 
spraying equipment covered a fairly wide range. It 
was in fact used for producing gold and silver powders 
having particular sized particles. 

In general, the method of obtaining finer particles was 
to heat the metal to a greater temperature, but the 
greater the heating of the metal the greater the oxidiza- 
tion. Not only that, but the finer the size of the particle 
the greater must be the oxidization in relation to the 
amount of unoxidized metal in each particle. By means 
of extremely fine coatings metal spraying could be made 
to look much prettier and more appealing for decorative 
work. From that point of view the finer the coating the 
better. For general coating to prevent corrosion be- 
tween certain limits, which most classes of equipment 
could achieve, there was no necessity to go further. 
When building up worn parts, he had no doubt on the 
subject whatever that a fine coating was not desirable: 
neither, for that matter, Was an extremely coarse one. 
Some tried a finer atomization than others, but for 
built-up work a certain medium grain size was best 
Below this size whole particles tended to pull away from 
one another when finishing in a lathe. With a deposit 
of reasonable particle size one could turn out a good 
finish. 
economical to achieve extreme fineness of spray, and 


Mr. Freeman had suggested that it was not 


this was quite correct. 

Mr. Wilson referred to the patented Sprabond proc- 
ess. Sprabond was available in this country now, and 
he did not think any particular difficulty existed in con- 
nection with it, except the over-riding one that it had to 
be obtained from America. Mr. Wilson had also men- 
tioned shotblasting and had made a rather sweeping 
statement that most shotblasting in this country was 
only suitable for working pressures up to 30 psi. pres- 
sure. He could have agreed with him ten years ago, 
but if he had in mind the shotblasting equipment in- 
stalled during and since the war (and shotblasting 
equipment had a very short life) the statement was not 
correct. By far the greater number of shotblasting 
equipments worked at 60 to 80 psi. pressure and only a 
few were working at low pressures, at least in the metal- 
spraying industry. At pressure below 30 psi. one could 
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not hope for results good enough for metal spraving 

\ job had been attempted recently which he had 
every reason to think would be successful, and, if so, it 
would result in a dollar saving which might run into 
hundreds of thousands of dollars. rhe company con- 
cerned had American tinning machines, which had cop- 
per rollers formed by fitting copper sleeves on to dur- 
alumin cylinders. Again due to the dollar position the 
firm had found it difficult to obtain replacements, and 
they were now attempting to copper spray duralumin 
forged rollers. Metallizing was saving much dollar 
currency in many similar cases 

Mr. Wilson's reference to torpedoes was interesting 
but he did not know how one judged success or failure of 
a coating on a war-head on a torpedo. He had asked 
about the preparation of a flat-machined face. He 
could only refer to the methods he had enumerated in 
the paper. Flat surfaces were about the most difficult 
type of work in metal spraying. On a flat surface the 
spray metal tended to curl up at the edges and corners. 
But the methods described in the paper avoided this. 
He must stress that all such work should be carefully 
supervised. For example, when grooving for the Metco 
method of shaft preparation they started off with 
grooves ! ‘6, in. wide, and ridges */¢; in. wide, and had to 
stop knurling when these were both equal. If they 
carried on too far they would defeat their object. If 
one stopped when grooves and ridges were equal one 
would have sufficient opening to get the spray metal in 
They had yet to find a general-purpose machining 
method of preparing components. Some parts by 
virtue of their hardness, their shape or their size, could 
not be so prepared, and must be fuse bonded or Spra- 
bonded. 

The reference to the protection of melting pots was 
extremely interesting. A great deal of it was being 
done, not only to protect them from burning, but. in 
some instances metal pots had been sprayed internally 
in order to give a clean-when-empty effect and also to 
prevent metals having affinity for steel from sticking to 
the pot. 

Mr. Nicholls had spoken of rotary shafts and the dan- 
ger of wearing through the coating. Perhaps in the 
paper he had not stressed that sufficiently, but it was 
absolutely essential to judge first of all on the part itself 
how much the permissible wear might be and to obtain 
any information on the part of the operator as to the 
maximum possible wear that could at any time be an- 
ticipated. Sufficient metal must be removed to make 
certain that the coating would never wear right through 
and there should always remain a thickness of not less 
than in. If a metal-spray coating should be 
worn through to a feather edge it would indeed be very 
bad practice. 

Mr. Wilson had mentioned Diesel cylinder liners. 
Quite a lot had been reclaimed in the manner suggested 
and all the information he had on the subject indicated 
that they stood up very well indeed. A number of 
these had been done just before the war and others 
quite early in the war, with a view to protecting them 


against corrosion. The samples which he saw quite 
recently were in splendid condition 

One speaker had referred to molybdenum spraying 
under the erroneous impression that this country did 
not import that valuable metal from America. It 
could only be imported under license, and use for the 
purpose envisaged Was the subject of certain patents 

There was no reason why metal spraying should not 
he employed on land boilers. He knew very little of 
what had been done on land installations. He did not 
Although 


corrosion could be arrested by filling in pittings by 


think contraction would enter into the case 


spraving, one would have to consider carefully whether 
adequate strength remained in the shell before treating 
metal spraying as a solution to pitting. Furthermore, 
it was necessary to bear in mind that it would be pos- 
sible for corrosion to be carried on behind the sprayed 
metal. It would be a risky business because no longer 
would one be able to see what was happening. It was 
possible to spray steel on steel but, depending on the 
potentials of coating and parent metal, either could be 
attacked, and the attack might continue on the shell 
without being obvious. It was because of that that 
they had never advoeated filling in depressions in boiler 
plates by spraying. 

Regarding Mr. Hunn’s queries, the reliability of sand- 
blasting in relation to building-up work was certainly 
open to question, but the degree of bonding required for 
general coating work being much less, sandblasting was 
particularly suitable for that class of work. Reference 
had been made to American blasting machines in which 
most of the abrasive was recovered. The same types 
of machine were indeed made in this country, but in 
general they were not applicable to work carried out im 
situ, particularly in the case of large structures such as 
ships hulls. Regarding that class of work, both here 
and in America it appeared that at the present time 
some substantial loss of abrasive was inevitable Mr. 
Hunn had also questioned the function of coating bronze 
propellers and shafts with Monel metal when zine spray- 
ing a hull, and had apparently assumed that the Monel 
metal was necessary in order to protect the propellers 
and shafts. However, this was not the case, the reason 
for the Monel being found in its prevention of rapid 
attack on the zine which might otherwise be caused by 
the proximity of the bronze. As far as the application 
of antifouling compounds Was concerned, it Was recom- 
mended that these be dispensed with altogether when 
sprayed zine coatings were employed 

Suitable types of paints had been referred to in the 
section on painting. Although Mr. Hunn excluded 
oil fuel as an active corrosion agent, there seemed 
plenty of evidence that alternating cargos of any fuel 
with salt water ballast could give rise to bad corrosive 
conditions which might be too severe for a metallized 
coating. As far as electrical conductivity is concerned, 
there was some loss in the conductivity of the metal 
when sprayed, but if Mr. Hunn’s suggestion was one of 
insulating value, it would not be correct to assume that 
sprayed metals acted in any such way. He noted the 
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reference to zinc-rich paints, and while he appreciated 
that these had considerable value by way of anodic 
protection, he believed it was true to say that they did 
not compare at. all favorably with metal-sprayved zinc. 
Mr. Hunn had also inquired the cost of zine spraying a 
ship’s hull, but, of course, cases varied over a wide 
range because of local circumstances, and particularly 
the condition of the vessel before preparation. Some 
recent figures had varied between 4s. and 7s. per square 
foot of surface treated, including the preliminary blast- 
ing and metal spraying with pure zine to a thickness of 
0.010 in. The availability of an adequate and cheap 
supply of compressed air influenced costs and another 
important variant, except when the work was carried 
out under cover, was, of course, the weather. 

Colonel McCullum had given support to the author's 
He was sorry that to date the ratios of 
welding electro-deposition and metal spraying in his 
works was still 5:3:1 but was glad that Col. McCollum 


conclusions. 


had accepted the process both for suitability and cost 
for certain classes of his work. The remainder of Col. 
MeCullum’s contribution indicated how he had in- 
vestigated the metallizing process. He agreed with all 
he had said and he thought that his explanation of the 
efficiency of Sprabonding compared with gritblasting, 
Was largely correct, while his final conclusions were very 
good, and if followed closely would yield first-class 
results, 

Mr. Robinson drew attention to what he called a 
serious Weakness in the reliance on mechanical inter- 
locking of the torn edges of the particles, and suggested 
that the reliability of the process depended on it being 
carried out by experts. Again, he could only say he 
had endeavored to point out this weakness of sprayed 
metal and to explain that it was inapplicable to the 
classes of work recommended in the paper. He would 
say, therefore, that Mr. Robinson would be well advised 
not to use the process for the purposes for which it was 
not recommended, otherwise the suggested weakness 
might apply to the process. 
tions seemed rather like someone making the bold state- 
ment that welding should not be used because it could 


Mr. Robinson’s sugges- 


damage articles by heat distortion. Such an argument 
was disproved by the fact that welding was employed 
on many classes of work in which distortion could be 
avoided, or in which distortion would not occur or would 
not matter. The same was true of metal spraving. 
(gain, one might be tempted to say that welding should 
be carried out by experts, whereas it was equally true of 
both welding and metal spraying that some classes of 
work required specialized experience, whereas others 
could be carried out equally by a man who had been 
taught only the rudiments of the process. — Prohibitions 
relating to metal spraying and indeed to welding could 
still be found in certain quarters, but experience spread 
and even the most conservative works did in time make, 
use of processes that they had previously regarded as 
hazardous. 

Comdr. Stewart had raised a very important point 


regarding cleanliness of prepared surfaces. A micro- 
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scopically thin film of oil such as was left after attempt- 
ing to remove oil by washing with solvent, could de- 

considerably from the bond-strength 
A film of grease had some cushion effect on 
It also increased 


tract very 
achieved. 
the particle when impact oecurred. 
the possibility of slip and even ricochetting rather than 
instantaneous anchorage upon impact. When grease 
was interposed between the coating and base material 
the shrinkage of the former could result in relative 
movement between coating and base over the greasy 
area, which would not oceur if the two metals were in 
intimate contact. Of course, in the case of protective 
coatings, the importance of metal-to-metal contact was 
not only 2 matter of bond strength, but generally pri- 
marily one of making certain that no interposed layer of 
foreign matter could interrupt the free flow of elec- 
trical energy associated with galvanic action. 

Comdr. Stewart had referred to work carried out on 
one of H.M. ships during the war, and had had limited 
success with the reclamation of brass or bronze spindles 
from centrifugal water pumps. He had used shotblast 
sometimes and rough turning at others, whereas neither 
of these preparations were satisfactory with brass or 
bronze, since the strength of any barbs or projections 
formed on the parent metal was extremely low. Under 
such circumstances cleanliness became a vital factor. 
However, the same work could have been carried out 
with complete success, if the “Metco” technique of 
shaft preparation as described in the paper and shown 
in Fig. 8 had been employed. Comdr. Stewart's ques- 
tion concerning the reclamation of parts running in 
soft-packing glands was an excellent one, because condi- 
tions could be very severe. The answer was that 
metallizing was suitable—the appropriate preparation 
being grooving followed by knurling with the special 
shaft preparation tool. The insert of sprayed metal 
should extend bevond the working surface, and the fin- 
ish was preferably carried out by grinding. Assuming 
reasonable operating conditions with lubricant avail- 
able it was found that the sprayed metal stood up well, 
but under dry-rubbing conditions, after the exhaustion 
of any lubricant held in the pores of the sprayed metal, 
the sprayed metal would break down quicker than solid 
metal. However, even with infrequent 
sprayed shaft held the lubricant for long periods, where- 
Failure of a 


greasing, a 


as a solid shaft was rapidly wiped dry 
properly prepared coating would not mean that the 
coating would break away from the shaft, but that un- 
der the severest conditions of dry rubbing wear might be 
much quicker than with solid metal. Thousands of 
such glands had given long service after metallizing 
An interesting problem in which both solid and sprayed 
metal had previously failed was solved by spraying the 
asbestos packing with a light coating of babbit metal 

and thereafter a reasonable life was secured. Comar 
Stewart was correct in assuming that the incidence of 
failure increased with temperature above minima vary- 
ing with different metals, but any lowered coefficient of 
heat transfer did not result in any obvious disadvantage 


within the classes of work discussed. One could, how- 
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ever, envisage circumstances under which it) might 
assume some importance, but abnormal work of that 
kind was not, he hoped, usually carried out until it had 
been established that the process was suitable for the 
particular conditions. Sprayed copper had been used 
inside Diesel-engine pistons to conduct heat from unde- 
sirable areas with some success, and there were other 
applications where it was used to advantage as a heat 
conductor so that it should be borne in mind that refer- 
ence to lowering the coefficient of heat transfer was 
made relative to the same metal in the solid state. In- 
deed, where desirable, glands subject to considerable 
heat could have part of the rod metallized with a better 
conductor than the base material with beneficial results. 

Mr. Zubiaga had supplemented the replies given to 
Mr. Gibson and Mr. Clark. He had also shown that 


the test figures quoted in the paper, were, like all lab- 
oratory results, open to the objection that they did not 
duplicate service conditions. In this case, however, the 
tables erred on the safe side by reason of the small 
diameters employed against which all methods of prep- 
aration were rather drastic. However, the figures 
given were intended to convey only the relative merits 
of various preparation processes, and they would be 
misleading if interpreted as applying equally severely to 
large shafts. Mr. Zubiaga had certainly made it abun- 
dantly clear that in Spain marine engineers not only 
had confidence in the metallizing process but that they 
used it to advantage. The example of the reclaimed 
tailshaft which 
against corrosion certainly seemed especially worthy of 


combined salvage with protection 


note, 


Fabricating Machine 


LAME cutting and are welding were combined in 
one shop to produce a sturdy machine base designed 
to give long service under hard use. 

In Fig. 1, the operator is using a No. 10 Radia- 
graph to cut */s-in. plate. The torch is equipped with a 
No. 1 tip which gives a cutting speed of about 19 in. 
per minute, speeding up the completion of the job. The 
feet of the base were also flame cut with the Radia- 
graph out of 7/s-in. plate. 


and photographs were supplied through the courtess f Air 


Figure 1 


1949 


Figure 


Bases 


After cutting, the sides and top were assembled and 
are welded. For the inside welds, o-in. diameter 
No. 87 Electrodes were used and for the same outside 
welds, the same electrodes of */;5 in. diameter. 

Figure 2 shows the operator welding the fourth foot to 
the base, completing the job except for machining. 

The finished machine base, ready for delivery, is 
pictured in Fig. 3. It is an interesting example of a 
piece of equipment completely fabricated from plate 
under one roof, illustrating perfectly how the acetylene 
flame and the electrie are can be teamed for the best 


results. 


2 Figure 3 
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Variable Speed Rotary Fixture 


A. Hupp. Jr. 


JREQUENTLY a problem of working on such parts 
as are illustrated in Fig. 1-—small, round units—is 
most readily solved by a fixture which acts as a 
mount for the part and also provides retary move- 

ment around a vertical axis. Unless a very sizable 
quantity of one such part is to be handled, single- 
purpose rotary fixtures are likely to be too costly for 
practical purposes. 


Welding Specialist, Technical Sales Reduction, New York Divieon 


The type of rig outlined ino the accompanying 
sketches, however, which is based on the combined ex- 
perience of several shops which have built and used 
such special-purpose devices, presents possibilities of 
great versatility and quick adaptation to almost any 
job suitable for such a fixture. 

The requirements of this type of job will vary con- 
siderably, and versatility to meet these variations must 
be designed into the fixture. This is done by providing 

lL. A variable speed power source, usually an elec- 


tric motor 


Fig. 1) Parts such as these can be more readily and efficiently produced with the help of a suitable rotating fixture. 
Welding, brazing, soldering, flame-treating and cutting operations are among its uses 
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2. A-supplementary means of further varying speed, 
such as cone pully and belt drive or two-speed gearing. 


enuiiiden é 3. <A rigid, true running shaft, capable of operating 
SHAFT ; : ‘ under reasonably heavy loading. 

LOWER BEARING 1. A universal spindle to receive various work- 


PULLEY — 
mounts. 


"ae & = 5. <A basic group of work-mounts which can be 
readily modified or used with accessories for special 
work. 
With a rig built along these lines—such a unit can be 


Fig. 2) The basic unit for a variable speed rotary fixture, built largely from scrap or second-hand parts the 
along the lines sketched, is simple and built largely of welding shop is equipped with a piece of equipment 
scrap, second-hand or surplus materials for a reasonable 


cost which is valuable not only for quantity runs of similar 


ACCESSORY 
MOUNT 


PLATE TURNTABLE -PERFORATED 
REDUCER SLEEVE-- SMALL FOR CUTTING USES & FOR CUP OR 
SPINDLE TURNTABLE, DRILLED & ATTACHING JIGS. SOCKET 
TAPPED FOR LARGER 
PLATE TABLE OR 
SMALL FIXTURE 


VARIABLE SPEED 
ROTARY FIXTURE- 
ACCESSORIES 
Fig. 3) Use of some such universal spindle arrangement as that illustrated permits a wide range of quick and inexpen- 
sive adaptation for utmost versatility 


Fig. 4 The squirrel-cage rotor for a precision electric 
motor is Heliwelded on a similar fixture, using a machine Fig. 5 


Stainless steel fittings are silver-brazed in a special 
Heliweld holder jig attached to the table of a rotary fixture 
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Fig. 7 Circular flame cutting—in this case a horizontal 
cut to remove an annular riser—is also simplified by a 
suitable rotary fixture 
parts, but for many one-of-a-kind and few-of-a-kind 
jobs which are greatly simplifed by suitable mounting 
and rotation. The illustrated applications of such a 
device include jobs which are heliwelded, oxyacetylene 
welded, silver-brazed, flame-cut) and flame-hardened. 
Fig.6 Standing edge weld on an assembly of steel stamp- 
ings is made with an oxyacetylene hand-welding torch 
held in a bracket over the revolving part 


The range of modifications and adaptations which can 
be developed with a little ingenuity seems almost 
endless. 


‘am Life Increased 1200% 


T IS often difficult’ and 


impossible to secure replacement parts 


oecasionally 


for old, vet still serviceable, machinery. 
Even though replacement parts are avail- 
able it may be more economical, both in 
parts, cost and down-time, to effect  re- 
pairs to the worn or broken part. Pie 
tured above is a typical example of the 
savings that can be made by properly 
using aluminum bronze weldrod. 

The machine illustrated is a nationally 
known, cold nut blanker in operation at 
Sterling Bolt Mig. Div 
actuating cam wore to the point where 


In service the 


operating failure resulted and it) was 
impossible to secure a new replacement 
\ popular hard-surfacing weldrod was 
employed to overlay the cam but failure 
again oceurred after only one month of 


operation. After building up the eam 
three times, with hard-surfacing  elec- 
trodes each time receiving only one 


month of service, Ampeo-Trode 200° was 


* A.W.S.-A.S.T.M. Specification CuAL-C 


applied and one vear of continuous opera- 

tion resulted. 
According to Harry Lubawski, Shop 

Maintenance Foreman, rebuilding the eam 


with aluminum bronze is considerably 
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more economical than replacement of the 
cam. This is true not only because of the 
cost of the part, but labor and machine 
down-time would be out of proportion to 
any direct comparison, 
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® Three key steps for producing strong bronze welds 


by Hi. B. Gilson duce a bronze-welded repair that was as strong as the 
original metal. 

The eylinder from a hoisting engine froze up during a 
cold spell. It cracked badly and one section broke out 
completely. The crack was veed to a 90° angle by 
Then the vee was continued for 


REPARE the edges—line up the parts——use proper 
preheat. These are three key steps in any welded 
repair. To make tough welding jobs easy for your- 
self follow these steps in your welding procedure. grinding and chipping 


Here is how one welding shop used these keys to pro- 
H. B. Gilson ix Develop: 
N. 


Fig. 1 The broken edges were veed toa 90° angle 
Fig. 3) Here the operator is starting the final weld. The 
end of the eylinder on which he is now working was pre- 
heated toa temperature of 800° F. in a temporary firebrick 
furnace 


Fig. 2 After two tack welds were make, a jack and chain 

arrangement helped to force the section into exact align- Fig. 4 This is the completed job. The bronze-welded 
ment with the casting repair is as strong as the original metal 
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about 2 in. beyond the visible end of the crack and the 
broken section was tack welded in place. Two tack 
welds were made and a jack and chain arrangement was 
used to force the section into exact alignment wth the 
casting. The third tack weld was made and the jack 
and chain removed. 

It was decided that the eracked end of the evlinder 
should be preheated before final welding. A temporary 
firebrick furnace was built and the casting was heated 
A tem- 


perature-indicating crayon Was used to show when the 


in a charcoal fire to a temperature of 800° FP. 


proper heat was reached 


When the casting was removed from the fire it was 
set in position so that the seetion to be welded was 
horizontal. The operator then bronze welded the crack 
in the broken section, taking about one hour for the job 
Note that the finished weld is wider than the vee. The 
operator took care to lap the weld over the edges for 
additional strength. Also note how cleanly the vee was 
prepared. After the welding, the cylinder was covered 
With asbestos paper to keep off drafts. It was allowed 
to stand overnight and was ready to return to service 


the following morning 


New Technique for Welding Chrome Pipe 
Disclosed 


EVELOPMENT of a new procedure for welding 
4-6 chrome pipe using General Electric welding 
equipment was disclosed recently by Houston Pipe 
and Steel, Inc., of Houston, Tex. The new process 

was devised by the company for use in the welding of 
chrome pipe being fabricated for installation in a large 
Texas oil refinery. 

M. Van Blaircom, Chief Engineer of Houston Pipe 
and Steel, explained that in the process a large preheat- 
ing tip with oxyacetylene was used first to bring the 
temperature of the joint up to 600 800° and keep it 
there while the welding was done using chrome elec- 
trode (A.S.T.M.-A.W.S. Spee. No. E-502). After this, 
he said, the temperature was raised to 1200-1350° and 
the joint was wrapped with asbestos tape toa minimum 
thickness of | in. and cooled to room temperature. 

Van Blaircom pointed out that contrary to popular 
belief this technique did not make the weld metal so 
hard that it became brittle. Laboratory tests certif ed 
by the Shilstone Testing Laboratory of Houston, he 
stated, showed very desirable results. The figures he 
presented showed an ultimate tensile strength of 73.200 
psi., and a satisfactory rating on a 180° root) bend. 
Brinell hardness in the weld was indicated as 248, 
while Brinell hardness in the pipe was 174.) A Charpy 
Impact Notched test was made in the weld metal at 70 
49.0 ft.-lb. Chemical analysis of the weld metal 
showed 7.73°7 Cr. in the weld and 4.537 Cr. in the 
pipe. According to Van Blaircom, where greater duc- 
tility and elongation was required, a furnace anneal at 
1600 degrees was given after the pipe had cooled. This 
resulted in an average elongation of 407 in 2 in. 

“The excellent test results proved without a doubt 
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1 new technique for the welding of 4-6 chrome pipe 


the practicability of our new procedure,” he declared. 
“We used it throughout the production of the chrome 
pipe and the lot was completed satisfactorily, quickly 
and inexpensively.” 
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These links and clevises are typical of the many different types of simple machinery parts that are being manufac- 
tured stronger, lighter and at lower cost with are welding than with other methods 


low to Design Links and Clevises 


® Here are some thought starters on welded design furnished 


S ILLUSTRATED in the following examples, arc 
welding enables machinery parts like these links 
and clevises to be built in any one of a number of 
different ways, depending upon the quantity to be 

produced and the type of shop equipment available for 
fabrication. The unusual simplicity of construction 
inherent with welded design is one reason why these 
and other machine parts can be produced at less cost 
with are welding than is possible with other means of 
manufacture. 

The unit parts for most links and clevises are easily 
produced from plain bar steel by simple lathe operations 
or formed from steel plate by flame cutting or stamping 
The parts are then located in simple fixtures for fabri- 
eating into single, solid units with fast downhand weld- 
ing techniques. In most instances, no further ma- 
chining is necessary after are welded assembly 

This simple clevis, Fig. 1, is made by are welding a 
connector member to the hub. The connector member 
can be plain bar stock, drilled and tapped for assembly 
to the adjoining machine part, or a stud threaded on the 
outside. The hub is tubing or bar stock drilled to size. 

In Fig. 2, an alternate design of clevis is produced by 
fabricating the “hub” from steel plate in a ‘‘U” shape, 
instead of using round bar stock. In assembly, the 
connector member is either fillet welded or plug welded 
tothe “hub” member 

tongue-type connector member is stamped or 
flame cut from steel plate and fillet: welded as shown 
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in Fig. 3. To provide close fit-up, the connector mem- 
ber is searfed to conform to the hub. 

An extended type connector, Fig. 4, can be made 
from separate steel straps, are welded together and then 
fillet welded to the hub itself. The center strap may 
be straight or curved to suit any design requirements. 

This connector member is produced from round 
stock, slotted and cross drilled as shown in Fig. 5. 
The connector is searfed for close fit-up and easier weld- 
ing 

Two outer steel straps, Fig. 6, flame cut or stamped to 
shape, are fillet welded to the hub. The holes may be 
punched prior te welding or drilled in a jig after weld 
assembly. 

In Fig. 7, a rectangular steel block, drilled and tapped, 
ix fillet welded to the outer straps producing a rugged 
connector member. 

A universal type of construction is achieved by in- 
serting a swivel connector between the outer straps be- 
fore weld assembly as shown in Fig. 8. 

A simple link is fabricated from three plain steel 
straps fillet welded as shown in Fig. 9. The ends of 
r mav be rounded for 


the straps can be left square « 
appearance. The straps themselves are held in a jig, 
locating from the holes, and are welded. 

Designs for different types of links are shown in the 
following sketches. 

Two steel straps are fillet welded to ends of the strut 
member. The strut may be rectangular steel, straight 
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or bent to shape as desired. On heavier metal, the 
strut may be flame cut to the required contour. See 
Fig. 10. 

Increased strength and rigidity where necessary is 
obtained by incorporating an I-beam member as the 
strut, Fig. 11, fillet welding the steel straps to the 
flanges of beam. 


In Fig. 12, an alternate link design is made with plain 
round stock. The pieces are cross drilled and _ fillet 
welded to the round strut member. This saves addi- 
tional machining otherwise necessary to undercut the 
strut member as would be required if the link were made 


from single piece of round bar stock. 
Outer straps, Fig. 13, are fillet welded to two separa- 


Figure 5 


Figure 6 


Figure 8 


Figure 10 
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Figure Il 


Figure 12 
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BOSS FOR ADDED 
BEARING AREA 


Figure 14 Figure 15 


Figure 13 


Adjustable type of link construction is made with 
steel straps fillet welded as shown in Fig. 15. End 


tors produced from round stock drilled to size, provid- 
ing wide bearing area for adjoining machine members. 
Rocker type of link construction is made by fillet 
welding a single round bar at the pivot point. See 
Fig. 14. When added bearing area is needed at outer 
ends, bosses in the form of steel collars may be fillet members. 


cross members are simple steel straps. . .or they can be 


fabricated from round stock threaded on the outside or 
drilled and tapped for assembly to adjacent machine 


welded to the outer straps 


Designing for Welding—Part 


by Wallace A. Stanley Figure 2 (B) is a “gear drive’? which is used where it 
is impossible to drive the wheel on its periphery, or 
’ where the surface of the wheel must be kept smooth, 
SEAM WELDING 
such as in welding polished stainless and aluminum. 


YEAM and roll spot welding is one of the later proc- Today nearly all seam welders, unless for some 


esses to come into use in the resistance welding 
\ family. It consists, fundamentally, of making a 


series of spot welds by means of two rotating 3 (B)) or cireular (Fig. 3 (A)) seam welding. 


particular job, are made “Universal” (Fig. 3) so that 
the rolls may be adjusted for either longitudinal (Fig. 


wheels or circular electrodes. The series of welds are As in other forms of resistance welding, the electrodes 


or wheels are the most important units to consider when 


made without removing the wheels from the work. In 


designing parts to be welded, since the designer must 


designing parts for seam welding, the following machine 
consider their shape to make sure the parts will fit the 


machine. Figure 4 (A) shows the shape of wheel used 


considerations are important 

Figure 1 shows a schematic diagram of seam-welding 
A, a section through the when working against a flange A. Other important de- 
Figure 4 (B) shows the type of 


wheels and the circuit. View 
wheels, shows that there is no difference between this sign data is also shown. 
wheel and design data used when welding a lap joint. 


type of resistance welding and spot welding, except that 


All are for low carbon steel 
Figure 5 shows the three basic types of seam welds or 
joints that ean be produced with seam-welding equip- 


the electrodes are circular 

Figure 2 shows the two common methods of driving 
the welding wheels. The “knurl drive” (Fig. 2 (A)) is 
With this drive either one or ment. Figure 5 (A) is a continuous seam where the spots 
both wheels are driven by spring-loaded knurls. The overlap to make a gas or water-tight joint. Figure 5 
advantage of driving both welding wheels—at the same (B) shows another seam weld with overlapping spot 
is that this avoids slippage of welds. This type is used when it is necessary to achieve 
maximum strength for the seam but where it is not 
necessary to have a water-tight joint. Figure 5 (C) 


the most widely used. 


surface speed, of course 
the work between the wheels. 


Wal Application Engineer, Progressive Welder Co 
shows a “seam’’ formed by intermittent spot welds 
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with various arrangements of 
flanges are shown in Fig. 6 (4), 
(B), (C) and (D). 


in the container 


For example, 
industry — the 
type joint shown at (B) is used 
for the bottom of cans, ete 


Ls QLD J 


Figure 6 (C) shows the type of 


joint that would be used in weld- 

ing together the upper and lowet 

Figure l 
Fimo 3 shells of containers such as gaso- 

FACE = OF 

FLANGE W/DTH 


FACE WIDTH= 
50% OF LAP 


\ 
C\ \- 
J 
0 
Figure 2 


(roll spot weld). This is widely used in such joining 


operations as one sheet of metal to another sheet, sheet 


metal to corrugations, ete. 
shows the commonlap type of joint 
Seam welding of joints 


Figure 6 (A 
widely used in seam welding. 


B 


Figure 4 


line tanks, ete. In designing the (D) type of joint, the 
shape of the container should be such that the angle of 
the wheels is not over 6°. Above this angle, efficiency 
of seam welding is reduced, since wear on the wheels and 
bearings becomes too great. 


Figure 5 


Figure 6 
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aetivities 


related events 


Mooney Appointed Assistant 
Secretary and Assistant 
Treasurer, A.W.S. 


At a meeting of the Board of Directors 
held in Cleveland on May 13th, Francis 
J. Mooney was appointed to the positions 
of Assistant Secretary and Assistant 
Treasurer of the American WELDING 
Mr. Mooney 
erery in October 1046.) Prior to his new 
appointment, Mr. Mooney 
Service Manager of the A.W.S. in charge 
of the Membership, Order and Subscrip- 


joined the So- 


served as 


tion departments 

Mr Mooney is a graduate of Manhattan 
College of New York with the degree of 
B.B.A., where he majored in Finance 
In 1942 his scholastic work was interrupted 
by service in the U. 8S. Army Air Corps. 
In that organization he served in the 
finance department before becoming a 
member of the Officers Candidate School, 
where he Was graduated vas au Second 
Lieutenant. While with the Army Ai 
Corps he took advanced statistical train- 
ing at Harvard University and served 
as Statistical Control Officer. He was 
discharged in February 1046 as Captain 
He returned to Manhattan College to 
finish his course and was graduated in 
June 1946. After graduation he served 
a short period with the Eastern Air Lines 
of New York City 

Mr. Mooney’s affable personality has 
won him a host of friends among the mem- 
bers of the Socrery and assures a success- 


ful future in his new position 


Medoff Appointed Assistant 
Technical Secretary 


J. 1. Medoff, who joined A.W.S. Head- 
quarters Technical Staff in August 1048, 
has recently been appointed by the Board 
of Directors to the position of Assistant 
Technical Secretary He has actively 
worked on the preparation of the new 
edition of Welding Metallurgy and the 
third edition of the Welding Handbook 

Mr. Medoff received a degree of B.S. in 
Chemical Engineering in 1936 from Cooper 
Union Institute of Technology, and since 
has done graduate study in metallurgy at 
the Polytechnic Institute of Brooklyn and 
Stevens Institute of Technology 

Jack has previously been employed by 
the Worthington Pump & Machinery 


Corp. as Metallurgist and Chief Radiog- 
rapher in charge of the X-Ray Division 
Early in 1943, he joined the Navy, and 
saw active service in the Pacific as a Naval 
Beachmaster, and was discharged in Au- 


1949 


gust 1946 from duty at the N. Y. Naval 
Shipyard Material Laboratory with the 
He then 
consulting and 
which he 


rank of Lieutenant Commander 
opened a metallurgical 
laboratory service operated 
until joining the WeELpING 
SoOcrETY statl 

He is a member of the AMERICAN WELb- 
ING Sociery, the American Society for 
Metals, American Foundrymen’s Society, 
Society for Non-Destructive Testing and 
the Metals Science Club of N.Y 


Service Manager 


At a meeting of the Board of Direetors 
held on Friday, May 13th, in Cleveland, 
Edward Krisman was appointed to the 
position of Service Manager and Secretary 
of the Section Advisory Committee He 
replaces Mr 
vated to the position of Assistant Secretary 
and Assistant Treasurer For the past 
vear, Mr. Krisman has served as secretary 


Mooney who has been ele- 


and assistant to the Executive Secretary of 


the Society 


National Metal Congress 


Economy in Production’ will be the 
central theme of the 31st National Metal 
Congress and Exposition when the annual 
event takes place in Cle veland’s great 
Public Auditorium, October 17th through 
October 2ist, 1949 

This will be the first postwar program 
to concentrate national attention on the 
greater efficieney of modern industrial 
equipment by actual demonstrations of 
What the equipment will do to. effect 
savings and thus reduce the unit cost of the 
helps to make. Dra- 
matic principles of cost cutting will take 


product or part it 


the form of “know-how” during the special 


technical and educational sessions of the 


Metal Congress the show-how of 
production economy will be graphically 
demonstrated by the exhibitors who, with 
either materials equipment or processes 
will illustrate the proper application and 
most efficient operation olf their product 
as a contribution to sav Ings in production 

The Metal Industry is going all-out 
on this point of savings along the line of 


metals processing and fabrication,” said 
W. H. Eisenman, Managing Director of 
the October Metal Show Within the 
industry,” he continued, “lies the basic 


first step toward reducing unit costs of all 
Hundreds of 
prominent exhibitors who will be in the 
October Metal Show have the equipment 
and the skill to bring about substantial 


products made of metal. 


Society Activities and Related Events 


savings in production costs. Their pur- 
pose 1n being a part ol the Metal Exposi- 
tion is to show why their equipment or 
process reduces costs, and to show how this 
is done 

The October Metal Show in Cleveland 
will set greater emphasis on reducing 
existing production costs through efficient 
Instead 
of stimulating ideas to help hit production 
Economy in Produc- 
tion” will serve to focus attention on 


use of equipment and processes 
targets, the theme 


methods for hitting at production costs 
For the benefit of an estimated attend- 
ance of over 50,000 management officials, 
metals engineers, production specialists 
and sales executives, the Cleveland Metal 
Show for 1949 will offer wide opportunity 
to demonstrate the “know-how”’ of metal 
applications and the ‘“‘show-how” of 
metal treatment and fabrication 
Cooperating in this drive to establish 
worth-while savings in metal processing 
and fabrication will be: the American 
Society for Metals: the AMertcan WeLp- 
ING SOCIETY Metals Division, American 
Institute of Mining and Metallurgical 
Engineers and the wciety for Non- 
Destructive Testing. The AMERICAN 
WELDING Society is adopting for its slo- 
gan Keonomy in Production—-Weld.’ 


Correction 


tudolf Kraus, author of the article 
entitled, ““Radiographing and Controlled 
Low-Temperature Stress Relieving of 
Welded Tanks for Wet Seal Gas Holder, 
published in the December 1947 issue 
of THe Journa, has revised 
the fifth paragraph of this article to read 
as follows 

After careful 


problems of field welding of thick plates 


consideration — of all 


in such large and important structures, it 
was decided that it would be both safe 
and sound constructive engineering to use 
as a basis for welding the A.P.1.-A.S.M.F. 
Code principles with reverence to joint 


efficiency In that code the increase in 
efficiency for thermal stress relief is based 
on a Minimum metal temperature of 900 


F. The controlled 


method of stress relieving had as vet not 


low-temperature 


been considered for app oval by the 
4.P.1.-A.S.M.E. Code 

“Codes are formulated on basis of satis- 
factory evidence furnished by fabricators 
When 


found «ac ceptable, they 


to respective code committees 
such data are 
represent i recognition of progress in 


engineering and fabrication 
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PRE-WELDING 
TREATMENT FOR ALUMINUM 


using Diversey No. 36 cleaner 
and Diversey No. 514 deoxidizer 


. . PRODUCES LOW-UNIFORM SURFACE RESISTANCE 
. . IMPROVES QUALITY OF WELDS 
. . INCREASES QUANTITY OF SPOT WELDS BEFORE TIP CLEANING 
.. PROLONGS LIFE OF ELECTRODE TIPS 
. ELIMINATES TEDIOUS, EXPENSIVE MECHANICAL CLEANING 


Yes, if you are looking for higher quality, 
increased production and lower costs with 
your aluminum alloy spot welding opera- 
tion, investigate the Diversey Pre-Welding 
Treatment today! 

Used by leading aircraft companies, case 
histories reveal that, by employing Diversey 
No. 36 to remove identification mark- 
ings, grease, dirt; and by using Diversey 
No. 514 to remove oxide and heat scale, 
spot weld output increased up to 50%' 
Further, plants report an increase up to 
4,000%% in the number of spot welds now 
made before the electrode tips require re- 
dressing! 

The Diversey Pre-Welding Treatment 
for Aluminum is easy, efficient, practical, 
and surprisingly economical to use! Mail 
the handy coupon today for complete in- 
formation! 


EASY AS A-B-C! 

The cleaning efficiency of Di y No. 36 is 
dramatically shown here! Before and after 
photos prove that Diversey No. 36 removes 
marking inks from aluminum surfaces easy as 


A-B-C! 


THE DIVERSEY CORPORATION 


Metal | 


53 W. Jackson Bivd., Chicago 4, Ill. 


* TRADE MARK REG 


MAIL THIS COUPON TODAY 


THE DIVERSEY CORPORATION 
Meta! Industries Deportment 


53 W. Jackson Bivd., Chicago 4, Ill. 
Gentlemen: 


Please send me complete information on the Diversey Pre- 
Welding Tr t for Alumi 


Company 


Address_ 


City. 
DM-8 
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For Every Modern Arc Welding Process 


USE VICTOR WELD 
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Current: A-C or Rever 


... the new, complete electrode line 
Order from your VICTOR dealer NOW 
Watch for VICTOR'S 


NEW hard-facing electrodes. 
vw 56: 
Standard Package 
50 tbs. net 


NEW tungsten carbide products-tubes, 
inserts and shapes. 
NEW blasting nozzles. 


On display soon by your VICTOR dealer 


VICTOR EQUIPMENT COMPANY 
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VEWS 


INDUSTRY: 


American Weldment 
Manufacturers Association 


At a general meeting of the American 
Weldment Manufacturers Assn. held at 
the Palmer House, Chicago, April 26th 
ane the Association's Committee on 
Manufacturing Standards and Practices 
pres nted a proposed system or method of 
making up a set of Manufacturing Stand- 
ards and Practices to apply to commer- 
cial weldments. 

The proposed system consists of five 
service classifications established accord- 
ing to the service to which the weldment 
is to be put. These classifications are 
based on the quantity and quality of 
stresses to be encountered, such as static 
loading, vibration and fatigue loading. 

These service classifications in turn 
will call for a certain work quality as out- 
lined by a set of work schedules to be car- 
ried out by the fabricator. 

It was made clear by the committee 
that the proposed standards would in 
no Way circumvent or change existing 
accepted standards and codes now in effect 
in the Industry. It was pointed out that 
the A W.M.A. set of Manufacturing 
Standards and Practices, when completed, 
will serve the purpose of clarifying and 
standardizing work quality in relation to 
service requirements for the benefit of 
customer, supplier and industry as a whole. 

All weldment manufacturers and com- 
panies interested in the Industry are 
invited to send any suggestions they may 


have ont he subject) of commercial 
standards to headquarters of the American 
Weldment Manufacturers Assn., 332 3. 
Michigan Ave., Chicago 4, Ill. The 
A.W. M.A. Committee on Manutacturing 
Standards and Practices is composed otf 
Walter Koch, Chairman, International 

Co., Evansville, Ind.; Paul Setzler 
of United Welding Co., Middletown, 
Ohio; Dr. 1. A. Oehlers of American Weld- 
ing & Manufacturing Co., Warren, Ohio; 
R. J. Fisher of Falk Corp., Milwaukee; 
Anthony K. Pandjiris of The Pandjiris 
Weldment Co., St. Louis and E. J 
Charlton of Lukenweld, Coatesville, Pa. 


Stet 


First Pacific Area National 
Meeting of the A.S.T.M. 
San Francisco, 
Week of Oct. 10, 1919 


At the first Pacifie Area National Meet- 
ing of the American Society for Testing 
Materials to be held in San Francisco, 
at the Hatel Fairmont, during the week 
beginning October 10th, some 70 technical 
papers will be prese nted dealing with the 
field of engineering materials and related 
subjec ts, and many of the Society's leading 
technical committees will hold sessions, 


Many leading authorities from east of 
the Rockies will appear on the program, 
together with numerous A.S.T.M. mem- 
bers and other authorities in the field 
of materials in the Pacifie area. 

There will be 15 Technical Sessions 
covering the following major subjects: 
Metals I (Plasticity), Metals IT (Fatigue), 
Soils, Bituminous Paving Mixtures, Dy- 
namic Stress Determinations, Ceramic 
and Concrete Products, Applications of 
Statistics, Cement and Concrete I (Gen- 
eral), Cement and Concrete IT (Pozzo- 
lans), Petroleum I (High Additive Con- 
tent Oils), Petroleum IL (Turbine Oils), 
Wood, Cast Iron, Paint I (Aircraft 
Finishes) and Paint I] (General and 
Testing). 

While final approval needs to be given 
to the time of the sessions, tentatively, 
the first four indicated (Metals I and 
Il, Soils, Bituminous Paving Mixtures 
would be scheduled for Monday afternoon 
and evening October 10th. The next 
three (Dynamic Stress Determinations; 
Ceramic and Concrete Products; Statis- 
tics) are planned for Tuesday morning 
and afternoon. The next four (Cement 
and Conerete | and II, Petroleum I and 
11) are scheduled for Wednesday. Thurs- 
day (Wood, Cast Iron, Paint I and IT) 
would complete the technical sessions. 
On Friday there is an all-day engineering 
and inspection trip scheduled. 

\ complete list of the technical papers 
can be procured from the American Society 
for Testing Materials, 1916 Race &St., 
Philadelphia 3, Pa 


The MeKay Co. Electrode Sales 
Dept. 


To further improve its services to 
shir lded are-welding electrode users, the 
MeKay Co. is) moving its Electrode 
Sales Dept. to the company executive 
offices in the MeKay Bldg., Pittsburgh, 
Pa. 

Effective immediately, Fred A. Kaut- 
nian, Electrode Sales Manager and his 
entire staff, formerly at York, Pa., will 
make their headquarters at 1005 Liberty 
Ave., Pittsburgh 22, Pa. 


A New Koven Metal 


Spraying Shop 


L. O. Koven & Brother, Ine., Jersey 
City, N. J., manufacturers of boilers, 
tanks, special process equipment and weld- 
ments, announces the addition of a Metal 
Spraying Shop to its plant facilities at the 
Jersey City plant. 

The shop, equipped with the latest all- 
purpose Metco metal spraying equipment, 
is set up for surfacing of any metal, with 


News of the Industry 


coatings of any metal in wire form of 
either low- or high-melting point— lead, 
zine, babbitt, tin, copper, nickel, carbon 
steel, stainless steel, Monel, ete. 

This process is applicable for the sur- 
facing of shafts, spindles, bearings and 
bearing surfaces, tanks, patterns, cores 
and other assemblies and structures 


Metal Processing Laboratory 


A gift of $1,000,000 from Alfred P. 
Sloan, Jr., Chairman of the Board of the 
General Motors Corp., has been received 
by the Massachusetts Institute of Tech- 
nology for construction of a Metal Process- 
ing Laboratory building. 

The concept of the Metal Processing 
Laboratory at M.I.T. has been developed 
in the belief that engineers who design any 
machine or apparatus should ideally poss- 
ess a sure know ledge both of the properties 
of metals and of their processing or fabrica- 
tion. 

In expressing M.LT.'s appreciation to 
Mr. Sloan, Dr. Willian said, “The new 
Metal Processing Laboratory, which is to 
be named for Mr. Sloan, will enrich and 
extend the Institute’s entire engineering 
program. It represents a pioneer effort 


on the part ot the Institute to combine in 
an educational and research program tl 
metallurgical and mechanical engineering 


approach to the fabrication of materials 
The building for the Metal Processing 
Laboratory is one of the goals of a $20,000,- 
000 development program now under way 
at the Institute, to provide facilities and 
funds for laboratories in new fields of 
increasing technological importance. 


High-Frequeney Stabilized 
Arc Welders 


The Joint Industry Committee on 
High-Frequency Stabilized Are Welders 
reports that the Federal Communications 
Commission, in response to the Commit- 
tee's request, has postponed from April 
30, 1949, until July 30, 1949, the effective 
date of an order, setting forth rules with 
respect to radiation from electric welding 
devices, utilizing radio-frequency energy 
as part of the welding process. This 
action by the Commission allows the 
continued manufacture and sale of all 
high-frequency stabilized are-welding 
equipment for the next 90 days. 

The Joint Industry Committee, com- 
prising representatives of producers of 
high-frequeney — stabilized are-welding 
equipment, metal suppliers and users of 
the equipment, is looking forward to a 
meeting with the Commission staff on 
May 25, 1949, for further discussion o 
the proposed rules. During the past 
year, the problem of radio interference, 
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4 Maintenance costs of coal pulver- 9 ) 


izing equipment, as used in the nation’s 
leading power plants, are greatly reduced 
by hard-surfacing the pulverizer rings and 
rolls. The cement industry also finds it economical 
to hard-surface parts in its mills. 


The ring for a Raymond bow! mill was hard-sur- 
faced with 111 Ibs. of material in 61/2 hrs.; 43 Ibs. 
were deposited on the chilled iron roll in 2.2 hrs. 
The rolls were preheated to 400°F., then surfaced 
with a Stoody product which was applied with 450 
amps. D.C. at 26-28 arc voltage. 

For high ambient temperature operation, cooling 
attachments are available for Auto Arc Heads; 
some steel mill equipment is being preheated to 
600-800 °F. before welding. 

Design, construction and installation of special 
arc welding machines is our business. Consult us 
without obligation. 


THE AUTO ARC-WELD MFG. CO. 


8007 GRAND AVENUE ° CLEVELAND 4, OHIO 


Jury 


AUTO ARC 
Equipment Can 


A standard Auto Arc Head 
with adapter for use with 
composite or fabricated 
electrodes. Adapter has four 
driven feed rolls which are 
adaptable to any commer- 
cial electrode in coil form. 


| 
~< Do the Job! | 
| 
~ 
| 
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technique for 
welding chrome pipe 


Using General Electric welding electrodes 
the Houston Pipe & Steel Co. has success- 
fully used a new procedure for welding 4-6 
chrome pipe without the usual time-con- 
suming subsequent annealing procedure. 

According to their Chief Engineer, here’s 
how they do it: The joint is first brought 
up to a 600-800 F temperature using a large 
preheating tip with oxy-acetylene, and held 
at that temperature during welding. The 
welds are then made using G-E Type W-1502 
stainless electrodes. Immediately after 
completing the joint, its temperature is 
raised to 1200-1350 F, it is wrapped in as- 
bestos tape, and then cooled to room 
temperature. 

Contrary to popular belief, the weld 
metal does not become brittle. Certified 
laboratory tests indicate very desirable re- 
sults, including ultimate tensile strength 
of 73,200 psi, satisfactory 180 degree root 
bend, Brinnell hardness in the weld of 248 
and in the pipe of 174. 


“We used this procedure throughout the pro- 
duction of the chrome pipe,” states the Chief, 
Engineer, ‘‘and the lot was completed satisfac- 
torily, quickly, and inexpensively.“ 
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@ We've made that old bugaboo, 
the vertical-down weld, say MADE 
“Uncle!” with a new coating for- 
mula on G-E 1000 series stainless sev 
electrodes in the !.” and smaller 

sizes. (The 1000 series have a lime- 

type coating for reverse-polarity d-c welding; 
there are 16 standard types for welding vari- 
ous analyses of stainless.) Other analyses may 
be obtained with the new coating composition 
upon request. 

Already endowed with excellent usability 
characteristics in the vertical and overhead 
position as well as the horizontal, their new 
coating makes them particularly well suited 
for the ordinarily troublesome vertical-down 
welding. 

G-E stainless steel electrodes are regularly 
demonstrating their versatility and ability 
to help solve difficult welding problems. Why 
not investigate them; your General Electric 
Arc-welding Distributor carries a complete 
stock, also including eleven types in the 2000 
series with a titania-type coating for use on 
either a-c or d-c. 

FOR OTHER WELDING JOBS there are 
some 40-odd additional types of G-E elec- 


trodes including a most complete line of low- 


= = 


hydrogen types, cast-iron, hard-surfacing,and »% 
. HAVE YOU SEEN “ARC WELDING AT WORK’’? This 30-minute und- 
phosphor-bronze electrodes, as well as mild- 
\ color motion picture depicts clearly the design and production edven- 
steel and general-purpose rod for manual or \ tages inherent in the three bosic types of are welding. Ask your G-E 
Arc- in i r i hir 
machine welding. Mail the coupon now for a \ c-welding Distributor. Mail the coupon to him, or to 
712- tment 
copy of the handy, pocket-sized G-E electrode 
General Electric Co., Schenectady 5, N.Y. 


catalog. 


Send me bulletin GES-3571, pocket-sized electrode catale:. 
Name 
Company 

Address 
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preerence (and you 
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GLOBE 
and 


ANGLE 
VALVES 


Diaphragm construction 
provides permanent seal 
tor valve stem, eliminating 
necessity for adjustment 
or repacking as required 
with ordinary packed- 
type valves. 


Back-seating permits re- 
placement of diaphragm 
while valve is under 
pressure. 


Design Working Pressure 
400 psi (oil,water or gas) 


Large Passoges reduce 
friction losses to a mini- 


Write for catalog 


attributed to this apparatus, has been 
studied intensively by the Joint Industry 
Committee. Recommendations for rules 
for inclusion in the FCC order covering 
the test procedure and instrumentation 
for measuring the radiation from this 
equipment, employing off-band, as well 
as on-band, oscillators as the source of 
high-frequency current, were made to 
the FCC by the Joint Industry Commit- 
tee. 

Utilization of high-frequency current to 
stabilize inert-gas-shielded are welders is 
an important advance in the art of weld- 
ing, particularly for the welding of alumi- 
num and magnesium. Transportation 
industries are using this process increas- 
ingly in the production of automobiles, 
air craft and railroad cars. 


Lincoln Electric Elects 
Additional Directors 


The Lincoln Electric Co., has announced 
the election of three additional members 
to its Board of Directors. The new direc- 
tors are G. F. Clipsham, Assistant to the 
President; William Irrgang, Director 
of Plant Engineering, and L. K. String- 
ham, Director of Welding Development. 
The election of these Board members 
raises the total on the Board of Lincoln to 
thirteen. 

Mr. Clipsham joined The Lincoln 
Electric Co. in 1929 and was active in 
various sections of the country as a weld- 
ing engineer. In 1935 he went to England 
to organize and serve as president of The 
Lincoln Electric Co., Ltd... Welwyn 
Gardens, Herts, England. He returned 
to this country last vear to assume the 
duties of his present position as assistant 
to James F. Lincoln, president. Mr 
Clipsham was born in Liverpool, England, 
and received his engineering education at 
Manchester University following his serv- 
ice in the British Army from 1914 to 
1919, 

Mr. Irrgang also started with Lincoln 
in 1929 and for the past 20 vr. has been 


William Irrgang 


engaged in various phases of plant opera- 
tion. He has been in charge of the devel- 
opment of methods of manutacturing 
electrodes and has created manufacturing 
methods and machinery which have been 
important to the expansion of the welding 
industry. His organization is now devel- 
oping new methods for improving the man- 
ufacture of welding machines. Mr. Irr- 
gang was born in Germany and is a 
graduate electrical engineer from the 
State Technical Sehool in Cologne. He 
came to the United States in 1928. 

Mr. Stringham has been with the 
Company since his graduation as an 
electrical engineer from Cornell in 1933 
He has worked continuously in the 
Engineering Department on the design 
development and application of welding 
fluxes, electrodes and machines for both 
manual and automatic welding. He 
holds numerous of are-welding 
equipment, 


~“BASTIAN- BLESSING” 


420) W. Petersen Ave. Chicago 30. Illinois 


Pioneer and Leader In the Design and Monutacture of Precision 
Equipment tor Using ond Controlling High Pressure Gases Clipsham 


L. kh. Stringham 


News of the Industry THe JouRNAL 


— 
: 
a 
7 

3 
| 
| 
1-1/4" 

686 
x 


AGE ELECTRODES 
AND 


ASK YOUR PAGE DISTRIBUTOR 
ABOUT: 


Page Allegheny Stainless Steel Electrodes 
and Gas Welding Rods 


Page Range of Types 
Page Field Service 


Page Research 


Prompt Delivery from Warehouses in Chicago, 
Denver, Philadelphia, San Francisco and the factory 
at Monessen, Pa. 


Monessen, Pa., Atlanta, Chicago, Denver, Detroit, Los Angeles, New York, 
Philadelphia, Pittsburgh, Portland, San Francisco, Bridgeport, Conn. 


MARK 
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Harnischfeger Corp. Erecting 


} of the new, modern warehouse and 

office building, in Teterboro, N. J., 

to extend the service facilities of Harnisch- 
feger Corp. in eastern United States. The 
Austin Co., Chicago, handled both design 
and construction of these new and larger 
quarters, within 16 miles of New York 


age ‘TION has been completed 


City. Exact location is at the corner of 
Huyler and North. Edward J. Brandt, 
astern Service Manager with 25 yr. P&H 
experience, will be in charge. 

The Harnischfeger Corp. was estab- 
lished in 1884 and was originally known 
as the Pawling & Harnischfeger Corp. 
P&H, derived from the original name, has 
always been the standard trademark for 


The old-style crane girder was punched full of holes and 
“buttoned” together with rivets, which imposed needless 


weight 


Rivets added needless weight to the old shovel boom. As 
the rivets worked loose, every hold became a potential 


source of failure 


OSS 


New P & H Warehouse 


all products manufactured by the com- 
pany. 

It is interesting to note what has made 
the Harnisehfeger Corp. one of the coun- 
try's leading manufacturers. first 


Modern Warehouse at Teterboro, \. J. 


glance, certain P&H products may seem 
completely unrelated; for example, over- 
head cranes and power shovels, hoists and 
are welders. Yet, actually, there is a 
close relationship——-not in their uses ex- 
actly, but in their manufacture. 

P&H has also developed «a complete 
are-welding service. This service includes 
the manufacture of all types of electric are 
welders ranging from the small one-man 
shop units to the units used by large in- 
dustrials. They are built as motor-gen- 
erator sets, bare welding generators for 
building one’s own welder and as portable 
gasoline engine driven units ranging up to 
600 amp. capacity 
ture a complete line of welding electrodes 


They also manufac- 


Strength and alignment of the old cast excavator side 
stands were a matter of bolts. 


Even when welded to- 


gether, they impose needless weight 
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The all-welded excavator frame is a rugged, one-piece 
unit, and is machined as a unit to assure accurate and 
permanent alignment of shafts 
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“WELD 
SECURELY” 


Do YOU Specify your welding 
requirements this way? 


Do you know what the welding 
requirements are for bridges, build- 
ings, piping, storage tanks, pressure 
vessels or whatever your type of 
fabrication ? 


This information, necessary for 
solving your practical, every-day 
welding problems, will be found in 
the standards issued by the Ameri- 
can Welding Society. 


Are You 
a Designer? 
—a Welding Engineer? 
a Welding Operator? 


or engaged in any other capac- 
ity as a Purchasing Agent, 
Salesman or Administrative 
Executive? 


Then you should know what the 
material, filler metal, design, work- 
manship, inspection and qualifica- 
tion requirements are for different 
products and structures. You 
should be familiar with the stand- 
ard welding nomenclature and 
welding symbols used in everyday 
welding conversation and corre- 
spondence, in technical articles and 
in contract specifications and regu- 
latory requirements. 


If you are not already familiar 
with the codes, standards and speci- 
fications of the American Welding 
Society as well as the educational 
books, ask the Technical Repre- 
sentative (Liaison Officer) of your 
Local Section for a free copy of 
Bulletin 101 describing these pub- 
lications. Also ask about the spe- 
cial discounts to members. If you 
prefer, write directly to AWS Head- 
quarters. 


It is easy to keep informed 
through American Welding Society 
technical publications. 


They will help you. 
Use them! 


Jury 1949 


Just off the press! A 
convenient poster of 
15 simplified rules 
for better welding. 
Send for it—no 
chorge. Also ask for 
the Weiger-Weed 
cotalog. 


11502-B 


For correct, speedy ane 1 depe ndable 
welding—long tip life! Also p ly 
leak-proof, water cooled holders 
The very latest improvements in Resistance Welding Tips 
are embodied in Weiger-Weed fabrication. Here are tips, 
the product of long specialized engineering, in alloys most 
efficiently combining required physical and electrical char 
acteristics—with precision machined smoothness of elec 
trode surface—water-tight fit in holders—ample. cooling 
water capacity. Standard replaceable, pointed, dome, flat, 
offset, all immediately available from stock 
Higher Quality in Water-cooled, Positively Leak-proof Holders 
Built to Weiger-Weed standards for greater dependability, 
performance unsurpassed. Straight, offset, universal and 
close coupled type Ss ei ctor or non-¢ ie ctor fy pes for regu- 
lar or heavy duty. 
It will pay you to talk over your resistance welding prob- 
lems with your Weiger-Weed representative Weiger 
Weed & Co., Division of Fansteel Metallurgical Corpora- 
tion, 11644 Cloverdale Avenue, Detroit 4, Michigan. 


Ve 


DIVISION OF FANSTEEL WHEELS CORPORATION 


a 
WEIGER-WEED! 
689 


The modern all-welded crane is a rugged, rigid unit, assur- 
ing greater strength with less weight and accurate, perma- 
nent alignment 


for the building, repairing and hard sur- 
facing of construction equipment, as well 
as for the fabrication of new equipment. 
In fact, they manufacture all sizes and 
types for the welding of mild steel for hard 
surfacing, for the welding of stainless steel, 
for the welding of pipe lines, ete. 


REVOLUTION IN FABRICATING 
METALS—ARC WELDING 


things were envisioned for are 


Creat 
welding when it first emerged as a repair 


But progress was extremely 
Most metals of that day did not 
have the physical characteristics necessary 
for welded construction. And too often 
they lost their qualities in the intense heat 
Electrodes and base metals 
welds cheeked, 


process. 


slow 


of the are 
would not fuse properly 
cracked, failed in service. 

In 1928, when Al Smith's brown derby 
became famous in his presidential eam- 
paign, and the Graf Zeppelin made its 
trans-Atlantic flight with 20 
P&H research was engaged in 
this welding 
Recognizing it as a truly eom- 


first pus- 
sengers, 
applying new process to 
fabricating 
plex metallurgical problem, its engineers 
collaboration with steel 


began an active 


mill metallurgists. The first encouraging 


1924, when parts of a 


welded 


results came in 
erane end truck were successfully 
together. The following year, a heavy- 
duty 
place an awkward three-piece cast and 
Next a giant 
girder was completely are welded, saving 
30°, The way 
open! 

In 1930, Henry Harnischfeger died, and 
the active management of the Company 


excavator trame was welded to re- 


bolted assembly crane 


in production time. was 


passed into the hands of the seeond gen- 
eration as his son, Walter Harnisehfeger, 
became president. With his intense en- 
thusiasm for are welding, research and de- 
velopment followed under his leadership 
with the result that the Company used 
the depression years of 1982 35 for the 
tremendous task of redesigning and con- 
verting its entire line of equipment to all- 


Ringside weight 
up vardage. 


welded construction with the new rolled 
The advantages were clearly 
demonstrated. Strength became chiefly a 
matter of design, not bulk; and parts 
could be built of the several kinds of metal 
best suited to the functional needs — like a 
gear, for example, which welding could 
produce with hard teeth, a tough hub and 
Strength could be secured 


alloy steels 


a ductile web 
where needed without rivets to impose 


and toughness of the new boom stepped 


Its resilient all-welded box section absorbed 


the shock and strain 


useless weight or to wear loose and weaken 


joints 


A USER BECOMES A BUILDER 


Up to this point, P&H products be- 
longed in the fields of materials handling 
and contractors’ equipment 

But with are welding 
cepted standard for production, the in- 


now, the ae- 


With their precise analyses of metals and coatings, electrodes of today are a far 


ery from the hit-or-r 


s rods of early u 


With « 


lding. mplete laboratories, 


\-ray equipment, ete., P&H employs every modern device to assure quality 
control 


Views of the Industry 


Tur JOURNAL 


| 
j 
| 
BA 


To Cut Costs... 


Dowt Skimp on Weld-Planning 


By Michael Senek, Vice President 


Starting out as a 
small job welding 
shop. we have built 
a good reputation 
throughout the Mid- 
dle West as fabrica- 
tors of earth-moving 
equipment parts. 


Much of our success 


is due to the extreme 


Michael Senek 


care we take in pre- 
liminary planning of jobs and in tooling up for close 
tolerances and high-speed welding. It pays off in 
lower costs and top quality. 


We consider it important to do these things when 
we tackle a new job: 


Fig. 1. Finish welding boom for loading machine. Fixture 
can be rotated to any angle for downhand welding. Uses 
100-amp. “Shield-Arc” Welder with 4%" “Fleetweld 5” Elec- 
trode at 300 amps. 


Jury 1949 


Falls Welding & Manufacturing Co., Newton Falls, Ohio 


The above is published by THE LINCOLN ELECTRIC COM PANY in the interests of progress. 


Write for free Mild Steel Weldirectory. The Lincoln Electric Company, Dept. 96, Cleveland 1, Obio.. 


1. Analyze the design. Suggest design changes to 
the customer if they will simplify tooling-up or speed 


up welding, without affecting operation of part. 


2. Tool-up for down-hand welding. We design 
and build our own fixtures to hold parts in accurate 
fit-up and permit positioning for speedy, down- 


hand welding with large electrodes. 


3. Call in Lincoln Engineer. We find it valuable to 
have his suggestions on the design. the fixtures and 
the welding procedure—type and size of electrode 


and welding current. 


Needless to say, we are rabid fans for the Lincoln 
team— its Engineering Service, Welders and 
“Fleetweld” Electrodes. 


Fig. 2, Finish welding of hydraulic tank for loading machine 
in positioning fixture. Many joints are boxed into corners, 
making arc blow severe. Welded with 500-amp. “Fleetwelder” 
and “Fleetweld 7” at 400 amps. 
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Unlike the proverbial shoemaker whose children went without shoes, P&H 

used its own products on its own “children” —in the manufacture of thousands 

of tons of welded products each month. It is inescapable, under such condi- 

tions, that the manufacturer's viewpoint is so strongly wuided by the user's 
interests 


Visitors to the plant were so enthusiastic 
} 


terest in welding equipment became vers 


keen. The tremendous amount of welding about the idea, they wanted to apply it to 
done right in their own shops was enough to their own work. A number of units were 
make ita great laboratory. Foreseeing the built for their use. Later, a complete and 


development of new applications and 
production techniques —-of improvements 
in welding machines —the idea of building 
welders here had a strong basic appeal 
During this time, P&H provided a com- 
plete are-welding service, including a.-c. 
and d.-c. machines, a.-c. and d.-c. welding 
electrodes, welding positioners, cranes, 
hoists and production control systems. 


ELECTRODES TO SATISFY A 
“TOUGH CUSTOMER” 

From the very Outset, P&H became one 
of the country’s largest and most diversi- 
fied users of welding. From the complex 
metallurgical problems of joining various 
kinds of metals with different physical 
characteristics, to the hard surfacing of 
parts for protection against wear, abrasion 
and impact, there were literally thousands 
of different applications. 

It was therefore the next logical step to 
utilize this experience—to solve these 
problems for themselves in the manufacture 
of their own electrodes. 


FINALLY...A COMPLETE 
WELDING SERVICE 


In handling a great number and variety 
of weldments, the Company’s production 
engineers sought new Ways and means of 
facilitating production. They conceived 
the idea of mounting work on tables that 
could be rotated and tilted. This per- 
mitted most welding to be done in the easy 


modern line was developed, providing 
both manual and electric operation in a 
variety of types and capacities. Today, 
welding positioners are an indispensable 
adjunet to welding throughout the metal 
fabricating trades. 

These positioners, along with electric 
hoists and cranes, gave great impetus to 
production welding. But another prob- 
lem remained unsolved—that of produc- 
tion welding control, This next step was 
even more difficult: beeause involved 
the human elements of skill, experience 
and diligence. Experimenting with vari 
ous methods to obtain higher standards 
of workmanship and « more reliable base 
for cost, the idea was developed of reeord- 
ing “are time’’—the time actually spent 
by the operator in depositing weld metal. 
Isolating this factor, they found the key 
to a new system which has proved itself 
eminently successful in controlling welding 
procedures, production, quality and cost 

Involving the use of an electric “are 
timer,” this modern Production Welding 
Control Svstem offers both management 
and labor the most potent incentive yet 
known for better welding and better 
wages, while actually contributing to 
lower final cost of the product. It takes 
its place as another forward step which 
enables men to produce more, earn more 
and enjoy a better standard of living 


down-hand — Also the ra ” Today, P&H is the only manufacturer providing a complete arc-welding service, 
larger electrodes. And it assured better which includes machines and electrodes for both a.-c. and d.-c. use, welding 


results 
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positioners, electric hoists, cranes and Production Welding Control Systems 
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“I've been welding for 20 years and never 
thought it possible to get a rod to work 
as well on cast iron as NI-ROD does.” 


Here at Jim's Machine Shop in Hensall, Ontario, we do a 


lot of repair work, especially on farm machinery. A large 


part of this work calls for welding cast iron parts... frames, 


broken gear teeth, wheel spokes, and so forth. 


So... we've got to have a dependable welding electrode: 


one that will do a good job fast, with little or no preparation. 
And Ni-Rod* certainly fills the bill! 


WELDING A CREAM SEPARATOR WHEEL. To give you an idea how useful Ni-Rod is around our shop, 
With Ni-Rod, we didn’t have to pre- 
heat, so distortion was kept to a mini- 
mum. We welded the wheel hub and on this page. 
built up a couple of broken gear teeth. 


I've had pictures taken of a few of our jobs. You'll find them | 


I can recommend Ni-Rod to anyone who needs a good, 


easy-handling electrode for general cast iron welding, and 


joining cast iron to steel. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street, New York 5, N, Y. 


NI-ROD REPAIRS BROKEN PUMP 
JACK. Another reason we like 
Ni-Rod...it has almost no 

; spatter. Current is no prob- 
MACHINING A NI-ROD WELD. The Ni-Rod lem either. Ni-Rod can be 
weld deposit can be machined with used with AC or DC. 
ordinary tools. In fact, it machines as 
well as the iron itself. 


ROD 


NI-ROD DISTRIBUTORS 


Alloy Metal Sales, Ltd. J. M. Tull Metal & Supply Whitehead Metal Products 
Robert W. Bartram, Ltd. Company Company, Inc 
HAY PRESS BULL PINION SAVED BY NI-ROD. Eagle Metals Company Pacific Metals Company, Ltd. Wilkinson Company, Ltd. 


On jobs like this Ni-Rod is ideal be- Metal Goods Corporation Steel Sales Corporation Williams and Company 
cause you don’t have to take chances 

with distortion by preheating or post- Metal & Thermit Corporation National Cylinder Gas Company Hollup Corporation 
heating. 


1949 


says Jim Bengough 
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PERSONYVEL 


Herman Van Fleet Receives 
Morehead Medal for 1948 


The 1948 James Turner Morehead 
Medal of the International Acetylene 
Assn. has been awarded to Herman Van 
Fleet of Air Reduction Co. Mr. Van 
Fleet received the Medal in recognition 
of his leadership and direction in the pro- 
duction of acetylene and oxygen, and in 
the development of equipment for their 
use. The Medal was presented to Mr. 
Van Fleet during the opening session of 
the Convention of the International 
Acetylene Assn., held at Hotel William 
Penn in Pittsburgh on April 25th and 
26th 

The Morehead Medal is awarded ah- 
nually by the Association to the person 
or persons who, in the judgment of its 
officers and board of directors, have done 
most to advance the industry or the art 
of producing or utilizing calcium carbide 
or its derivatives, the most important of 
which is the gas, acetylene. 

Mr. Van Fleet was born Sept. 27, 
ISS82, at Bedford, lowa. He received 
his education at East Denver High School, 
Colo., and Cornell University, receiving 
his degree in Mechanical Engineering in 
1007. Mr. Van Fleet's association with 
the acetylene-oxygen industry dates from 
early 1909, when he started work on the 
development of methods and apparatus 
for the production of oxygen by the 
liquefaction method. The results of his 
work during the period 1909-15 consti- 
tuted one of the most important bases for 
the formation of Air Reduction Co. in 1915. 

Except for the period of World War I, 
when he was engaged in the design and 
construction of a large liquefaction plant 
for the production of nitrogen and the 
installation of process equipment at U. 3. 
Nitrate Plant Neo. 2, Muscle Shoals, Ala., 
Mr. Van Fleet has been connected with 
Air Reduction Co. since its incorporation. 
He has been in charge of engineering, 
plant operations and the development 
and production of the tools and appliances 
to utilize acetylene and oxygen. Mr. Van 
Fleet has served as Chief Engineer and 
Operating Manager, and later as Vice- 
President and Operating Manager. Dur- 
ing World War II, Mr. Van Fleet was a 
member of committees which advised 
the War Industries Board and War Pro- 
duction Board regarding requirements of 
carbide, acetylene, oxygen and other 
industrial gases 

Mr. Van Fleet has been associated in 
the work of International Acetylene Assn 
and Compressed Gas Assn. for many 
years. 

In his acceptance address at the Hotel 
William Penn on April 25th, Mr. Van 
Fleet paid tribute to his associates at 
Air Reduction Co., acknowledging their 
assistance and cooperation. In reviewing 
the history of the acetylene industry, Mr. 


Van Fleet stated: “The uses of acetylene 
have spread from home, mine and auto- 
mobile lighting to oxyacetylene cutting 
and welding and, in more recent years, to 
the use of acetylene as a basic material in 
our great chemical, plastic and synthetic 
rubber industries. Doubtless many dis- 
coveries involving acetylene are yet to be 
made and successfully exploited on an 
ever-widening scale.” 


Glenn ©. Carter Honored 


Glenn ©. Carter of Larchmont, N. Y., 
and Kent, Conn., has been eleeted presi- 
dent of the United States Naval Academy 
Alumni Assn. He will take office on 
July 1, 1949. 

Mr. Carter was appointed to the Naval 
Academy from Cincinnati, Ohio, in 1901 
and was graduated in 1905. He served 
four years on Asiatic Station, two on 
Atlantic and almost two at Great Lakes 
Station. He resigned his commission in 
the Navy in 1913 to become an engineer 
with The Linde Air Produets Co., a 
unit of Union Carbide and Carbon Corp., 
New York 

In April 1917, Mr. Carter was appointed 
Consulting Engineer with the Bureau of 
Steam Engineering, of the Navy Depart- 
ment. Later that year he was named 
Chairman of the United States Helium 
Board as additional duty. In 1919, he 
rejoined The Linde Air Products Co., 
participated in the organization of its 
Development Department and at present 
is Consulting Engineer for this company 


Glenn O. Carter 


Personnel 


Mr. Carter is a past-president of the 
Compressed Gas Assn., the International 
Acetylene Assn. and the Chemical Equip- 
ment Manufacturers Assn. He was presi- 
dent of the Naval Academy Assn. of New 
York from 1941 to 1943. He aided i 
organizing the Navy Industrial Assn. as 
First Vice-President, and was one of the 
12 incorporators. He served as trustee 


for 12 years. 

Mr. Carter is also a member of many 
secrentifie and professional 
including the AmerRIcAN WELDING So- 
crery and is a member of the Army and 
Navy Club, Washington, and the Military 
Order of the Carabao. 


Wit Named District Manager 


Samuel Wit, who has been a sales 
engineer with Lukenweld, machinery- 
making division of Lukens Steel Co., 
sisting in the New York, Boston and 
vuse offices, has been named district 
manager of sales of Lukens Chicago office, 
according to an announcement by J 
Frederic Wiese, vice-president: in charge 


of sales 


Samuel Wit 


J. Faunce, Jr., who has been man- 
ager of the Chicago office will assume other 
duties with Lukens about July 1, when 
Mr. Wit will take over his work in the 
Chicago office. 

Mr. Wit, a native of Philadelphia is a 
graduate of Drexel Institute of Tech- 
nology. He has been associated with 
Lukenweld since 1937 as a draftsman and 
engineer. In 1943 he was named superin- 
tendent of Lukenweld Plant 2. In 
1945, he was promoted to assistant chief 
engineer of Lukenweld, subsequently 
becoming an executive engineer in Lukens 
development engineering department. In 
1947 he was named as a sales engineer 
with Lukenweld, which position he has 
held to the present. 
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NEW LITERATURE 


Engineering Research 


Engineers and other scientists ANXIOUS 
to report their accomplishments and meth- 
ods to laymen will find help in a new book- 
let entitled ‘Telling the Story of Engi- 
neering Research,” published by the 
Engineering College Research Council of 
the American Society tor Engineering 
Education 

In simple and straightforward terms 
known 
science writers tell engineers and scien- 


seven nationally editors and 
tists how they may present the story of 
their activities through all the various 
media available, thus fulfilling what the 
editor has called ‘‘the obligation of inter- 
pretation 

The booklet contains the full texts of 
seven addresses given before the winter 
Engineering College 
fesearch Council in November 1948 
Included in the contents are: Applied 
Science in the Daily Press,” by Herbert 
B. Nichols, Science Editor of the Christian 
Science Monitor The Working Press,”” 
by John M. MeCullough, Philadelphia 


“Science Service,’ by Ron 


meeting of the 


Inquirer; 
Ross, News Editor of Serence Service; 
“Science on the Radio,” by Irving J 
Gitlin, Science Director of CBS; “Photo- 
graphs and Diagrams: How the Maga- 
zines Can Help,” by Edward D. Fales, 
Associate Editor of Science Illustrated 
“The Business Press,’ by Paul Hooton, 
President of the National Conference of 
Business Papers Editors and ‘Research 
in the Engineering Press,” by Philip 
W.. Swain, Editor of Power 

Because it is addressed primarily to 
them, this booklet should be of special 
interest to publie-spirited engineers and 
scientists. It may also be helpful to 
public relations and advertising staffs 
whose task it is to help translate scientific 
accomplishments into more widely under- 
stood and thus more useful terms 
Telling the Story of Engi- 
pages, illustrated 


Copies of 


neering Research” 
are available from the Office of the Chair- 
man of the Engineering College Research 
Council at the State University of Iowa, 
lowa City, Iowa, for 50 cents each. 


Low-Temperature Brazing News 


Handy & Harman, 82 Fulton St., New 
York 7, N. Y., has issued a new bulletin 
(No. 46) describing interesting 
recent applications of Easy-Flo and Sil- 
Fos. It also gives engineering data and 
calls attention to the availability of a 
sound motion picture entitled, “The 
Fundamentals of Silver Alloy Brazing 
Copy available on request 


1949 


Welding Accessories Catalog 


Air Reduction, manufacturers of indus- 
trial gases and welding equipment, has 
announced the publication of a new weld- 
ing accessories catalog 

The 15-page catalog, second of a pro- 
jected series of ten, covers both oxvacety- 
lene and electric-are accessories, including 
goggles, hose, sparklighters, gloves, elec- 
trode holders, cable, weld-cleaning tools, 
helmets, face shields and many other 
accessory items 
x 11 catalog 
Is perforated for binder or 
filing and is illustrated with over 50 


Done in two colors, the 8! 


loose-leaf 


photographs 
Copies of this new catalog are imme- 
diately available at all Airco sales offices. 


A.-C. Welding Booklet 


The Westinghouse Electric Corp., Weld- 
ing Dept., Buffalo, N. Y., has issued a 
16-page brochure entitled, “Why Didn't 
They Tell Me About This Before?” 
This pamphlet gives advantages of 
a.-c. welding, describes the available 
Westinghouse equipment, including stabi- 
lizers for inert-gas welding and electrodes. 
Starting with page 10 there is some impor- 


tant and interesting information entitled, 

The Causes and Cures of 14 Common 
Welding Problems. Copy of this bro- 
chure available on request 


Are and Resistance Welding 
Equipment 


\ 170-amp. a.-c. Are welder has been 
released by Birdsell Mfg. Co., Inc., P. O. 
Box 733, Los Altos, Calif. Twelve con- 
struction and operating features of the 
Birdsell are welder are listed in a two-color, 
single sheet bulletin 
ator’s instructions and hints for obtaining 


Specifications, oper- 


good welds are on the reverse side of the 
bulletin. 


Colmonoy Spraweld 


Recently published is a seven-page 
booklet containing the latest information 
on Colmonoy Spraweld Wire. 

Colmonoy spraweld wire is hard- 
facing wire for executing the Colmonoy 
spraweld process, a precision hard-facing 
method combining welding and metallizing 
procedures. Spraweid wire is designed 
for use in standard metallizing guns. 

The booklet contains complete applica- 
mstructions, surlace preparation, 
spraying and fusing, cooling and finishing 
also proper settingson standard wire-metal- 


lizing guns 


Vew Lite ralure 


Welding Notes for Engineers 


Allovs Corp., 40 
prints a 


Eutectic Welding 
Worth St.. New York 13, N \ 
bi-monthly bulletin for welding engineers, 
with articles in case history manner on 
typical and difficult problems of repait and 
construction, with photographs and full 
data, in fields of steel, cast iron hard 


overlay, aluminum, ete 


1949 Heating. Ventilating and 
Air Conditioning Guide 


The 1949 edition of the Heating, Ven- 
tilating and Air Conditioning Guide, con- 


taining a 992-page technical data section, 


the most extensive thus far, and a 
page catalog section of the latest products 
of 249 manufacturers, is the largest ever 
issued by the American Society of Heating 
and Ventilating Engineers, 51 Madison 
Ave., New York 10, N. Y. Many special 
features and numerous revisions which 
bring the technical data up to date with 
current practice and the most recent re- 
search were achieved in the 1384-page 
volume through the cooperation of more 
than 40 members and many other author- 
ities, according to R. C. Cross, chairman 
of the ASHVE Guide Publication Com- 
mittee, under whose supervision it Was 
prepared 

Published recently, the 52 chapters ol 
this 27th edition of the Guide are grouped 
in sections having the following headings: 
Principles, Human Reaction to Atmos- 
pheric Environment Heating and ( ‘ooling 
Loads, Combustion and Comsumption of 
Fuels, Heating Systems and Equipment, 
Air Conditioning, Special Applications 
and Installation and Testing Codes. 

Both the technical data section and the 
catalog data section are completely Cross 
indexed for ready reference. The latter 
section provides concise information on 
the sources of supply for equipment needed 
in heating, ventilating and air condition- 
ing installations. Available equipment 1s 
listed under a variety of headings in the 
cross index in order to give the designer 
comprehensive lists of manufacturers and 
suppliers of any desired type of equipment, 


Repair Worn Machine Spindles 
with Metallizing 


Metallizing saves money on the rebuild- 
ing of worn machine spindles. The May 
issue of the Metco News is full of facts 
telling how you can cut costs on mainte- 
nance of spindles. 

The Metco News reports that users of 
metallizing have made substantial savings 
on the maintenance of spindles, For 
example, a Canadian Textile mill, which 
uses 21,536 rayon spinning-m 
tors, describes a spindle repair application 
which has resulted in important savings 
and superior service. Each motor has 
operating under 
unusually 
Sleeving was pre- 


a 15-in. long spindle 
severe acid 
heavy-duty 
viously attempted without success User 


conditions and 
service. 
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states: ‘‘Metallizing with steel, however, 
makes them as good as new. With more 
than 5000 spindles being metallized each 
year, savings over replacements are esti- 
mated at $43,000 per annum.” 

Another user reports savings of $9500 
in 8 mo. This typical application is the 
main spindle of a 14 x 36-in. cylindrical 
grinder. It costs $157 to replace this 
79-lb. spindle; or a bronze-sleeve job 
$124. Metallizing did the job in a little 
over an hour with 9 lb. of 0.80 carbon steel 
metals cost-—-$2.70. 

Metallizing often saves days of “down” 
time. Faced with a long delay in obtain- 
ing a new spindle for a special rotary 
valve turning lathe, this user decided to 
metallize the worn one. Total time, in- 
cluding preparation, spraying and finish 
grinding—less than 3 hr. Metallizing 
not only put the spindle back on the job 
with minimum delay—it cost less than 
30°, of replacement cost. 

Many other applications are also sug- 
gested such as armature shafts, bearing 
fits, erankshafts, journals and piston rods. 
Write for your copy of the Metco News, 
Vol. 4, No. 8. Metallizing Engineering 
Co., Ine., 38-14 30th St.. Long Island 
City 1, 


Are Welding 


This 24-page, 8' .- x I1-in. illustrated 
manual, covering the fundamentals of farm 
welding, are was prepared cooperatively 
by The James F. Lineoin Are-Welding 


Foundation and the Vocational Agricul- 
ture Service of the University of Illinois. 
The manual was written as text material 
for vo-ag and veteran training classes in 
Illinois, and is now available for general 
distribution in other states through the 
Foundation. 

Although the manual is written for class 
training, it is a helpful instruction manual 
and handbook for all farm users of are 
welding. It covers in a simple step-by- 
step method: equipment needed for are 
welding; learning to weld; general weld- 
ing instructions; steps for making fillet, 
lap, butt, edge and corner welds in all 
four welding positions; welding cast-iron 
and high-carbon steel; hard surfacing and 
cutting; shop exercises. It explains dif- 
ferent types of electrodes, where they are 
used, the difference in various types of 
metals and how to recognize them. Also 
included are tables and diagrams showing 
how to make different types of welded 
joints and how to select the correct 
electrode and welding current. 

Are Welding not only furnishes a good 
background of basic information for the 
person learning to weld, but it is a handy 
permanent reference manual for the far. 
shop. The price is 25¢ per copy, postage 
prepaid in U.S. A., and can be obtained 
by writing The James F. Lincoln Are- 
Welding Foundation, Cleveland 1, Ohio 


Welded Fittings 


The Taylor Forge & Pipe Works, P. O. 
Box 485, Chicago 90, IIL, has just issued 


an attractive technical bulletin (No. 492 
of 24 pages describing their new main-line 
fittings for gas transmission system. This 
bulletin gives complete information on 
pipe-line fittings, welding, field experience 
and practices, questions and answers 
It gives complete technical information 
and dimensions for the various type fit- 
tings used in gas lines and _ indicates 
methods for welding. Copy available on 
request. 


Aluminum Structural Handbook 


Aluminum Structural Design is th 
name of the 124-page handbook on how to 
design load-carrying aluminum structures 
just issued by Reynolds Metals Co., 
Louisville 1, Ky. 

The purpose of the book is to enable the 
engineer familiar with 
materials to design an original structure 
of aluminum, or to convert an existing 
structural design from some other material 
to aluminum. 

The discussion is broken down into 
figuring 


mechanics 


tensile Stresses 
bending 
and shear stresses, as well as stresses in 
evlinders subjected to fluid 
Formulas and actual examples contribute 
A section is 


chapters on 


Stresses, stresses 


Compressive 
pressure 


to usefulness of the book. 
devoted to fabricating considerations and 
joining methods, including riveting, bolt- 
ing, fusion welding and spot welding 
Additional chapters cover deflection and 
vibration problems. 


CUT YOUR COSTS 
WITH A HIGHER PRICE WELDING ROD! 


“BLUE COMET” ELECTRODE (AWS 6020-6030). 


SAVES 40% OF WAGE COSTS 
OUTSTANDING DEPOSITING RATE: 0.25 GR./AMP. MIN. 


SOUDOMETAL s.a. 


MANUFACTURERS OF EXTRUDED ARC WELDING ELECTRODES 
83 CHAUSSEE DE RUYSBROECK, BRUSSELS, BELGIUM 


Now at the Belgian exhibit in New Orleans 


(DISTRIBUTORS WANTED) 
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Strength through Design in Tube-Turn welding flanges 


Taking the measure 
of piping fatigue 


IPE lines are /ive, dvnamic members 

of a piping system. They breathe 
with changes in temperature and pres- 
sure. And the danger of fatigue failure 
from pressure shock, thermal shock, and 
cyclic conditions is ever-present. 

More precise information was needed 
on this subject. So, Tube Turns research 
engineers set out to get the answers. For 
the purpose, they designed and built a 
unique cyclic testing machine to handle 
full-size piping assemblies under a wide 
range of temperature, pressure, and cor- 
rosive conditions. And on this torture 
rack they subjected flanged assemblies 
to reverse bending tests carried on to 
ultimate failure. Information revealed 
forms the basis of new designs for greater 
strength in Tube-Turn 
welding flanges. 

Other piping assem- 
blies, too— welding el- 
bows, mitre bends, man- 
ufactured and fabricated 
tees, pipe bends— have 
been subjected to pun- 
ishment more severe than 
any they would probably 


face in normal service. 
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TUBE TURNS, INC. 


222 East Broadway, Dept. H, Louisville 1, Kentucky 


District Offices at New York, Philadelphia, Pittsburgh, Chicago, Houston, Tulsa, San Francisco, Los Angeles 


And this perpetual search for greater 
strength through better design has paid 
off in the form of realistic, non-theoreti- 
cal facts providing a sound basis for Tube 
Turns’ manufacturing policies—facts im- 
portant to anyone interested in getting 
his money's worth in long life from pip- 
ing installations 

Tube Turns’ research and develop- 
ment organization, finest in the welding 
fittings industry, is constantly striving 
for the improvement of present prod- 
ucts, the development of new ones. No- 
table among their recent achievements 
have been the design of a new type weld- 
ing tee and the development of alumi- 
num welding flanges. 

Ask to be put on the mailing list for 
Tube Turns’ technical 
periodical, Piping Engi- 
neering. Paper 6.01, for 
instance, deals extensive- 
ly with standard steel 
flanges. Others give you 
research findings and 
additional working in- 
formation pertaining to 
piping not generally avail- 
able in convenient form. 


TYPICAL FLANGE 
ASSEMBLY TESTS 


Assemblies were of 4-inch nominal size 
with 300 pound forged steel flanges and 
standard weight pipe 


Eccentric crank arm produces up-and- 
down movement which creates a cyclic 
bending moment on flange or fitting at 
opposite end of assembly 


Water spurts from crack in test specimen. 
Almost invariably, failure occurred in the 
pipe adjacent to the flange. 


Aluminum welding flanges . . . another 
Tube Turns first! Available in a wide 
range of types and sizes. 
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The tabular matter is exceptionally 
complete, 66 pages of tables presenting 
information on physical, ehemical and 
mechanical properties; a list of sizes, 
alloys and tempers of available aluminum 
mill products; shear, moment and de- 
flection formulas for sbeams; column 
formulas; elements of sections for both 
single shapes and combinations of shapes; 
minimum bend radii for sheet and plate 
and comprehensive rivet data. 

In addition, there are tables of data 
on other structural materials and tables 
on related general information such as 
decimal equivalents. 

The material in this handbook was 
prepared by Paul E. Brandt, technical 
advisor, under the supervision of Dr. 
George Perkins, director, Technical Serv- 
ice, Reynolds Metals Co. 

The book contains 124 pages, 144 illus- 
trations, 63 tables, 4 indexes including 
an itemized cross index. Being wire 
bound, the book will lie flat when open. 
It will easily fit into a coat pocket as its 
trim size is 5° , x 89/4 in. 

The book is being sent without charge 
to designers, engineers, architects and 
other company officials who request it on 
their company letterhead. Address all 
requests direct to Reynolds Metals Co., 
2500 8. Third St., Louisville 1, Ky. 


Car Shaker 


Construction features, installation data 
and specifications on Allis-Chalmers new 


car shaker are presented in a bulletin just 
released by the company. 

According to the bulletin, the new 
shaker speeds up the unloading of coal, 
cinders, ore, slaz, coke and other granular 
materials from drop-bottom gondola cars, 
and eliminates danger to workmen. 

The shaker, designed to fit all sizes of 
drop-bottom gondola cars operating in 
North America, consists of a heavy-steel 
bedy containing a vibrating mechanism, 
motor and Texrope drive. Placed on the 
top flanges of a car by hoist or crane, the 
shaker transmits its vibratory motion to 
the car and loosens the material so it 
flows through the hopper openings. 

Its 15-hp, totally enclosed, high-torque 
drive motor is mounted on rubber to 
insulate against severe vibration and is 
located inside the body for full protection. 
The shaker body is stress relieved after 
welding and before machining to elimi- 
nate stress concentrations, The unit is 
designed to hang level on hoist or crane 
cables, eliminating time required to center 
on car flanges. 


Welding Alloys Handbook 


A new, 32-page, pocket-size combination 
handbook and catalog is offered by All- 
State Welding Alloys Co., Ine., of 273 
Ferris Ave., White Plains, N. Y. 

This illustrated booklet lists all the 
All-State rods and fluxes, including several 
new items. It contains tables of char- 


Built by Jakobson Shipyard, Inc., Oyster Bay, L. |., this new Diesel-electric 
tug typifies the progressive policy of Erie which is equally as advanced in 


the marine as the rail division. 


RIVET COMPANY 


CLEVELAND, OHIO 


EAST CHICAGO, IND. 


New Literature 


acteristics, full application information 
and helpful hints of general interest to 
workers in the metal-joining industries 

Among the new products listed is a cut- 
ting electrode, a tinning rod and a sampler 
kit containing silver solder and ten other 
types of gas-welding rods with appropriate 
fluxes. 


Hose Clamps 


Le-Hi hose clamps, to fit every type and 
size of industrial and construction hose, 
are described in Hose Clamp Bulletin 125, 
just published by Hose Accessories Co., 
Philadelphia. 

More than 160 different sizes and types 
make up the Le-Hi line of clamps. In- 
cluded are universal-type hose clamps, 
single- and double-bolt clamps for shank 
type couplings, interlocking type high- 
pressure clamps in sizes up to 4-in. over- 
size, double-bolt hose clamps and band- 
type hose clamps. 

Featured is a group of new undersize 
high-pressure hose clamps (interlocking 
type) especially designed to fit the many 
new hose types with smaller 
diameters, 

Copies of Le-Hi Hose Clamp Bulletin 
125 can be obtained by writing to Hose 
Accessories Co., 17th and Lehigh Ave., 
Philadelphia 32, Pa., or from leading dis- 
tributors and rubber manufacturers every- 
here. 


outside 


11,500 Ibs. of Blue Devil (E 6010); 
6000 Ibs. of Gray Devil (E 6012) 
and 2000 Ibs. of Graydac (E 6013) 
CHAMPION WELDING ELEC. 
TRODES were used in construc- 
tion of the new Erie R.R. steel tug 
Paterson recently entered in service 
in New York Harbor. Ras 


The merit of CHAMPION WELD- 
ING ELECTRODES is emphasized 
by the fact they were selected for 
this severe application where 
industrial waste and salt water in 
the area cause a high incidence of 
corrosion. 

Be sure you have a copy of our new 


booklet “How to Choose and Use the Cor- 


rect Electrode."’ Available on request 
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@ Easy quick-start arc 
@ Elimination of arc blow 


Such Popularity 
Deserved 


Thousands 


Welders 


are Cutting Costs Daily* 


... because exclusive PaH built-in remote 
| control saves welding time and money 


Additional Features 
That Keep Welding 
Costs to a Minimum 


The P&H built-in remote control saves 
you real money—it turns your weldor’s 


No moving parts to cause 
: walking time into welding time, gives 
trouble, delays, or main- him full finger-tip arc control at the 


tenance expense. work, lets him produce sounder, better- 


A full range of sizes up to ~~ welds. i a‘ 
tim your welding costs in a hurry. 

625 amps. Install a P&H Dial-lectric AC Arc Weld- 
Connectible to 220 or 440 er — see the money-saving difference. 

Its Your P&H representative or distributor 
vo can give you more facts. Write for 
Compact design that requires literature. 
little or no floor space *Only 1 Ya years after their introduction te the field. 
ARC WELDERS 


High electrical effi- 
ciency that reduces 


power costs 


W. National Avenve 
kee 14, Wi : 
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Electrode to Make Short 
Intermittent Welds at 
High Speed 


A new electrode, Hobart No. 313, is 
being announced by Hobart Brothers 
Co., Troy, Ohio. 

This Class k-6013 electrode Is designed 
for making short, intermittent welds at 
high speed on all gages of steel in any 
position using either a. ¢. or d. ¢., straight 
or reverse polarity. 

It has fast operating characteristics 
together with a forcetul spray-type are 
The are can be easily started and restarted 
without seraping or hitting the electrode 
against the work surface. The tendency 
for this type of electrode to stick to the 
workpiece has been eliminated in this 
electrode 

Hobart No. 313 electrode is available 
in 12-in. lengths in ° in. only and 
I4-in. length - and * sizes. 
Packed in standard containers of 50 Ib 
each except * in. which is 25 Ib. each. 


Sputter Welder 


The accompanying illustration shows 
an improved type of electric sputter 
welder designed and marketed by the 
Kisler Engineering Co., Inc., Newark, 
N. J., to facilitate mass production in in- 
dustries manufacturing light-metal com- 
modities especially thin hollow articles, 
made from nickel, silver, low-carbon and 
stainless steel, brass, ete., as knife, fork, 
comb and mirror handles, cigaret lighters, 
jewelry merchandise and similar items 
needing soldering work for their finish. 


The Eisler sputter welder consists es- 
sentially of a transformer for reducing 
shop current to current suitable for electric 
are welding. There are five secondary 
taps on the transformer, each subsequent 
tap representing a higher secondary volt- 
age. The use of these taps is determined 
by the thickness and type of material to be 
joined. The current from the transformer 
is conducted through water-cooled copper 
cables carrying the electrodes. The cable 
containing the terminal lug is fastened to a 
locating fixture. The other cable with the 
welding electrode can be adjusted to the 
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secondary tap of the transformer sccord- 
ing to customer's requirement. 

The parts to be welded are firmly united 
by gently brushing the work in a kind of a 
(spark sputtering) tacking operation. A 
rheostat is supplied where fine heat ad- 
justment in between the secondary taps is 
required. This Eisler sputter welder is 
built in a capacity from '/, to 3 kva. 
and sturdily mounted in an electrically 
grounded steel case. 


Welding, Brazing and Soldering 
Machine 


All alloys, ineluding precious metals, 
can now be welded, brazed or soldered 
without oxidation and without the use of 
flux by the new “Beleo” ~Atomic-Are 
Machine. 

It employs hydrogen gas and a stable 
atomic are which can be adjusted to any 
degree of heat required. A conveyor or 
indexing dial carries fixtures loaded with 
parts. A plunger, actuated by a cam, 
lifts the work to the are. After soldering, 
the fixture is returned to the conveyor 
where it remains until it reaches front, 
where operator and sets 
another loaded fixture in its place. 

Polished parts come out of machine as 
bright as they go into it, says the maker: 
Belleville Engineering Co., 367-369 Broad 
St., Newark 2, N. J. 


removes it 


Compact Welding Alloys 
Wall Cabinet 


Eutectic Welding Alloys Corp., New 
York, recently announced a new cabinet, 
the Eutec-Wall-Pack, specifically de- 
signed to service the welding needs of the 
small garages, machine shops, plumbers, 
blacksmiths and farmers. Rene D. Was- 
serman, President of Eutectic, pointed 
out that too often the small user of welding 
rods has a need for a variety of rods, 
but is not in a position to purchase them 
in the standard, large quantities usually 
sold to the Industry. 

Sturdily constructed of metal, 22 x 
13 x 3 in., Butec-Wall-Pack is a complete 
utility cabinet which can be easily 
mounted on the wall. It accommodates 
from seven to nine different types of 
Eutectic Low-Temperature Welding Al- 
loys in standard packages, depending on 
the type of metal to be welded and type 
of equipment available. One model sery- 
ices those who have only torch welding 
equipment, another model services those 
who have only are welding equipment and 
the third type caters to both are and torch 
welders. For use with each type of weld- 
ing rod, is the corresponding jarmof eutec- 
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tor flux, insuring lowest heat applications. 
Also included in the Eutec-Wall-Pack are 
the most generally used new-type Eutectic 
Eeonomizers, which are handy packets 
with a coil of eutectic alloy in one compart- 
ment and a jar of eutector flux in the other 
end of the container. 

Write to Eutectic Welding Alloys Corp., 
40 Worth St., New York 13, N. Y., for 
further information. 


Six New Inert-Are Electrode 
Holders 


Six new electrode holders — for the 
inert-are process, one for machine welding 
and five for manual welding, have been 
announced by General Electric's Welding 
Divisions. 

The manual holders are available in 
100-, 200-, 400-, and SOO-amp. ratings, 
and the holder for machine welding in 
ratings of 400 and SOO amp 

The new electrode holders for manual 
welding are: a 100-amp. air-cooled model 
with spring-type collets, metal nozzle and 
gas-tight, heat-resistant gasket 200- 
and 400-amp. water-cooled models with 
split-copper collets, ceramic nozzles and 
gas-tight, heat-resistant gaskets; «a 400- 
amp. model with integral water-cooled 
metal nozzle, furnished with tips of two 
orifice diameters; and an SOO-amp 
model furnished with one electrode assem- 
bly for each size listed and with three 
metal nozzles, one for 
‘ve and * .-in. electrodes, one for y»-in 
1 


water-cooled 
electrodes and one for ' .-in. electrodes 

For machine welding the new 400-amp 
water-cooled electrode holder comes fur- 
nished with one piece of each size of tung- 
sten and one set of collets for each size 
With this holder the electrode may be 
adjusted while welding, and both the 
electrode and collets may be changed with- 
out removing the nozzle 


Fabricating an aluminum stand for a 
retracting machine 
ator is using General Electric's 
WA2 type, water-cooled electrode 
holder at 200 amp. In the background can 
be seen a G-E type WP 100-amp. inert-arc 
welding transformer with idlematic control, 
which supplies the current 
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The 800-amp. water-cooled holder for 
machine welding is furnished with one 
electrode assembly and nozzle for each 
size of electrode With this model, too, 
the electrode extension may be adjusted 
while welding. 

Additional information about the six 
new G-E Inert-Are electrode holders is 
contained in publication GE A-5146, which 
is available on request from the General 


Electric Co., Schenectady 5, N. Y 


Welding Generators 


The Miller Electric Mfg. Co., of Apple- 
ton, Wis., has added to their line of 
electric are and spot welders, a new series 
high efficiency a.- 
generators 


ot and d.-c. welding 
These new models are available either 
as engine-driven or electric-motor driven 
units. Direet-current models are avail- 
able with a welding current range from 
30 to 400 amp. and in the a.-c. models 
fom 15 to 300 amp 
Both the a.-e. and d.-« 
ture dual controls, 


generators 
separate excitation 
instantaneous voltage recovery and ex- 
Fither the 
electric-motor 


ceedingly easy are starting 
engine-driven driven 
models will give outstanding performance 
in their field of operation. The engine 
driven a.-c. models (models AE A-250 and 
AEL-250—current range 15 to 300 amp 
are available with built-in high frequency 
for Heliare welding They are also 
available on the Miller RT-10 road towing 
trailer for portable use in field operations 
In the motor-driven units—both a. e¢ 


and d. ¢., the motor is a Miller-built, 
squirrel-eage type with cast aluminum 
rotor, across the line starting and operates 
on either 220 or 440 v simple reconnec- 
tion ol readily nce essible leads Is all that Is 
required for voltage change. The motor 
driven a.-c. and d.-c. models are available 
either stationary or with a steel-wheeled 
running gear for portability. 

For repair shops, contractors, ranches, 
farms and countless other uses, the model 
AEA-200 a.-c. generator has been added 
to this line. This unit features low-initial 
cost, low-operating cost, low-maintenance 
cost, weatherproof construction, will de- 
liver a full 200 amp. of welding current 
and will handle all a.-e. or a-c., d.-e. 
electrodes up to and ineluding * \¢ in. 
The unit is driven by the air-cooled Onan 
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two cylinder engine. This unit is light 
in weight, portable and can easily be 
placed in a pick-up truck or on a trailer 
for welding in the field. 

Illustrated literature describing and 
pricing these new models is available either 
through the nearest Miller distributor or 
by writing direct to the factory. 


Salvage of Zine Die Casts 


The problem of repairing zine die cast- 
ings quickly and inexpensively has been 
solved with the introduction of a new 
package containing quantity ol kutee- 
Die Cast-Weld with a jar of Eutector 
Flux. Manufactured by Eutectic Weld- 
ing Alloys Corp., New York, this econ- 
omizer is available for shop use, for build- 
ups, repairing zine die casts and joining 
die casts to aluminum, steel, brass and 
bronze 


This low-heat Eutee-Die Cast-Weld can 
be used with or without Eutector Flux 
With this flux, greater fluidity is achieved 
Without the flux, buildups and overlays 
are possible. It is the only welding alloy 
for zine die casts which will weld without 
For the 
first time, a die cast flux is available which 
actually works like other fluxes for other 
metals The 
ft. of '/<in. diameter alloy and will aver- 
age up to 200 welds, making this package 


fusion or puddling of base metal. 


Economizer contains 36 


parti ularly economical 

Eutec-Die Cast-Weld Economizer con- 
tains a corrosion-resistant alloy which is 
extremely fluid and actually is as easy 
to handle as an ordinary aluminum weld- 
ing rod. It is designed for use with 
oxyacetylene, oxyhydrogen other 
similar gas torches. 

The welding of carburetors, fuel pumps, 
auto grilles, ornaments, hardware, alumi- 
num parts and overlay work are merely a 
few of the many uses to which this alloy 
It bonds at 600° F. and 
has excellent color match to zine die casts. 
Coated with patented Eutectofilm for 
low-heat weldi iw, this alloy will weld 


may be applied 


without damage to base metal. 


Write to Eutectic Welding Alloys 


Corp., 40 Worth St., New York 18, N. Y., 
for additional information. 
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TURNING TANKS 
IS OUR BUSINESS! 


YOU'LL WELD ’EM AT LESS 
COST IF YOU USE 
REED ENGINEERED 
TURNING ROLLS 
THE ONLY COMPLETE LINE OF 


MODERN TANK WELDING 
EQUIPMENT 


*% THE NEW RD-20 TURNING 
ROLL 


Cap. 2,000 Ibs.—-handles up to 6 ft. * 12 ft 


tanks Priced at $650.00 F.O.B. Factory 
Described in Bulletin No. 70 


*% HEAVY DUTY TURNING 
‘ ROLLS 
Built in 5 standard —sizes 3 ton, 6 ton, 12'/; ton, 


25 ton and 50 ton. Complete details shown in 
Bulletin No. 68 


*% UNIT TYPE FOR AUTOMATIC 
WELDING 

Combines Turning Rolls & Track Support into 

one compact unit. Made in 5 standard sizes 

Special units made to order 


% POWER DRIVEN PIPE ROLLS 
For accurate fit-up, assembly & welding. Both 
standard & special units built to your require 
ments 


We Build a Complete Line of Tank Welding 
Equipment Including Bending Rolls, Assembly 
Presses, Horn Jigs, Track Support g Welding 
Gantries 


NFORMATION 


COMPLE I 
YOUR REQUEST 


ETE 
MAILED AT 


REED ENGINEERING CO. 


CARTHAGE, MISSOURI, US A 
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tronic Phase Shift 
HEAT CONTROLS 


THE LATEST MODEL HEAT CONTROLS ARE HOUSED IN SEPARATE MOUNTING 
CABINETS DESIGNED TO GIVE SINGLE UNIT APPEARANCE WHEN USED WITH 
CONTROL COMBINATIONS . . . WELTRONIC 

PLUG-IN, SWING-OUT” CONSTRUCTION 


Application 


Phase Shift Heat Controls are for use with either ngle phase precision 
control combinations. With an electronic heat contro! precise is 
Units are available for use with any welder, tube contractor, and timer to make an integr 

combination Units with firing relay are available for applications which demand a firing relay or > whee 
only one contact is available for initiation. 


This contro! is @ fully el letel if ined factory wired unit enclosed in a cabinet 
measuring 18" wide, 16 |." ish, and 12" deep. The main pool is mounted separately in front of 
cabinet, using slot hinge at and d plug ti to power pack wg 4 the rear 
of the cabinet. Opening of the door of the main pote wes easy access to resist ‘ors, and 
wiring. Power supply operates from 115, 230, or 460 volts, 50 60 cycle. Units fer 180 5° 315% or 25 
cycle operation are available. 
aes control panel holding the edjustor is connected to the main panel by a cable and plug-in attach- 
When the pane! is incorporated in a NEMA combination with heat control, the contro! panel 
may — mounted on the front of the cabinet or on the side when the unit is emploved in side of — 
installations. Heat contro! panels as supplied in N2H or N3H 
the pane! supplied with the separate 234-1319 heat control. The 234-1319 canta may be ow 
on top of the standard contro! combination or separately wali mounted. The single dial enetnent » 
heat is direct reading, 40% to 100% on 230 volt; 20% to 100% on 460 voit installations. 


Outstanding 
Features 


Single dial control calibrated 
in percent of maximum heat, 
and mounted on an easily re- 
movable control panel. 


2. Stepless heat control adjust- 
ment of welding current. 


3. Readily accessible ‘Plug-in, 
Swing-out'’ construction. 


4. Single unit appearance 
achieved when combined with 
a standard Weltronic Control 
Combination. 


Heat Control—Note Simplicity! 


Write for Bulletin 18-L-1M-6/49 


WELTRONIC CO. mien. 


New Products 


Many New Shapes in 
Carbide Cutters 


To meet the demands of manufacturing 
operations such as filing, burring, grinding, 
finishing, countersinking, chamfering, light 
milling, profiling and tool, die and mold 
machining, the M. A. Ford Mig. Co., 
Inc., of Davenport, Lowa, has announced 
that its line is being increased to over 40 
standard shapes 


Carbide cutters outlast high-speed steel 
files and cutters 100 times and more 
Made to the most exacting specifications, 
they greatly increase material removal 
Carbide cutters increase production with- 
out major capital investment. 

For further information, send for the 
w Carbide Rotary Cutter Bulletin 

C-549, 


Inert-Gas-Shielded Welder 


The new Hobart Model TIH-200-8 
a.-c. welder for inert-gas welding has sup- 
plementary low-heat control. 

Like the larger TIH models, Model 
TILH-200-8 is so equipped that it can be 
used either as an ordinary transformer 
type welder, or with the special features 
switched on for inert-gas-shielded welding 
In addition, it is equipped for exception- 
ally fine results in work that calls for 
extremely low-current values. 

The low-heat control is accomplished 
by means of a secondary reactor built in 
and controlled by the hand wheel located 
on the side of the case It can be switched 
on or off at the operator's will. When on, 
it makes possible effective welding current 
as low as 7 amp. Hobart Brothers Co., 
Troy, Ohio. 
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Double Duty A.-C. Welder 


Eutectic Welding Alloys Corp., New 
York, through its Equipment Division 
announces a newly designed double duty 


welder, called Eutecare a welder 


This standard 200 


hutecare machine 


features a smooth stepless control for 
quick, easy adjustment of current An 
opportunity is preset ted to every repair 
man to enlarge his seope of jobs and in 


crease his profits, for now it is possible 
gage materials 

Operating adjust 
and depend ible that 


ure electrodes may be 


to weld on light and heavy 


with one machine 


ments are so simple 
small-size diameter 
damage 


all electric 


used without fear of waste or 


Small shops can now become 


welding specialists, combining efficiency 
and low cost 


ng 


with superior quality weld 


One of the outstanding teatures ot 
Eutecare a.-c. welder is its mobility — it is 
mounted on especially smooth-running 
casters, which permit transportation 


around the shop from one job to another 


Double Duty 


More 


teading 
salety 


strength 
features of this new 
cups ot DuPont nylon plastic 
manufactured by 


equipment 


Welding Goggle Has Nylon Cup 


weight 
goggle 


less 


and 
welding 


Willson Products 
Pa 


for industrial 


pressive 


IC Welder 


Nylon in plastic 
strength 
thus offering extra safety 
It is believed that the 
a lifetime 
even under extreme 


tection 1s required, 
more durable nylon cup will last 
on heavy-duty jobs 


In addition to light weight, 


when eye 


conditions 


with little effort. Compact and attractive has other comfort features, including: 
in design and sturdily constructed, its 1) rolled edges to reduce pressure around 
over-all dimensions are 17 x 17 x 32 in the eve socket, (2) adjustable leather 
Low in initial cost and low in operating control of current allows selection of very bridge and headband to assure perfect fit, 
cost, it provides highest-quality equip small amounts of current, ranging from 3) exclusive triangular lenses for extra 
ment at popular prices 20 to 285 amp. Other features are: wide vision and (4) screened indirect 
kutecare a.-c. welder is void of boosters easy starting, stable are characteristics, ventilating ports which admit sufficient 
stabilizers and other troublesome auxiliary low spatter loss, With its handy, shielded air to prevent fogging, but keep out dust 
attachments that usually hinder smooth off-on switch, Futeeare is unusually and flying particles. The goggle is also 
operation It provides exceptionally m4 simple and convenient to operate It available with direct ventilating ports 
curate stepless heat control over the entire accommodates electrodes from! to and clear, impact-resisting lenses 


welding range Its amperage selector in. diameter 


chipping and other heavy-duty work 


Buy “PROVEN FLUXES” 
Years of GUARANTEED SATISFACTION 
behind these GOOD 


“ANTI-BORAX”’ FLUXES 
Insist on them — Unequalled Quality 
No.1 Cast lron Welding Flux 
No.2 Brazing Flux for Brass, Bronze, Steel, etc. 
No. 4 Braz-Cast Flux for Bronze Welding Cast Iron 
No.5&8 Cast & Sheet Alumimum Fluxes 
No. 9 Stainless Steel Welding Flux 
No. 11 Tinning Compound 
No. 16 Silver Solder Paste Flux 
Mfg. By 
ANTI-BORAX COMPOUND CO., INC. 

Fort Wayne, Ind. 


COMPLETE CARBON 


yours for the asking 


Twenty-eight pages of 


easily found information, 
with 


complete factory 


model numbers, replace- 


: | 

ZA ~ | 
fl 

GY 

“4 

WELDING CONNECTORS 
Saxe System Welded Connection Units 
for welded assembly 

Saxe Units place in position and securely hold together structura 
parts to be welded 

As used in many welded structures they mi ¢ l hole ‘ 
ing ducing an econotmeal, rigged, safe and quickly erected struc 


tur tr ame 
‘Write for 58 pg. Manual containing full engineering design 
information for welded structures.’ 
H. Williams & Company 
Buffalo 7, New York 


G D> Peter 


Company 
Montreal 2. Canada 
Canadian Representative 


ment brush numbers, 
scaled illustrations of 
brushes listed, and all 
other necessary data. 


Here is a regular “Ency- 
clopedia” of Brush infor- 
mation covering all types 
and makes of welding 


equipment. 


BRUSH DATA 


SPECIFICATIONS FOR ALL MAKES AND TYPES 
OF WELDING EQUIPMENT 


SEND FOR YOUR 
FREE COPY NOW! 


“EVERYTHING IN CARBON! 


Jury 1949 Vi 


w Products 


BECKER BROTHERS CARBON Co. 
3450 SOUTH 52nd. AVE. 


CICERO SO, ILL. 


with 
now bemg 
Ine., 


, manufacturers of personal 


form has great com- 
and impact resistance, 
pro- 


the goggle 
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Spot- Welding Machine Solves 
Unique Packaging Problem 


S. C. Johnson & Son, Inc., makers of 
Johnson's wax, sought a new method for 
introducing “The New Glow” in Glo- 
Coat self-polishing wax in a twinned 
package on a gigantic nation-wide scale. 
They sought a new method which would 
automatically join pairs of standard insee- 
ticide type cans at a high rate of speed, and 
which could be synchronized with their can 
filling, capping and packaging production 
lines; a joining method which would hold 
the pairs of cans firmly attached against 
stresses of handling and shipment, yet 
which would permit the housewife to 
cleanly snap the paired cans apart; a 
method which would in no way soil or 
obscure lithographed can surfaces when 
joined or leave indication of metal tearing, 
can distortion or leaks when snapped 
apart. 

Acro Welder Mfg. Co. engineers de- 
signed and built three Acromatic spot- 
welding machines which automatically 
twin the cans at the rate of 160 cans per 
minute per machine. Development of 
this machine is an outstanding and 
unusual example of successful application 
of standard resistance welding techniques 
to industry's special production problems. 
It solves an age-old problem in the pack- 
aging industry. Several million cans 
were paired by the three machines for 
this first promotional program. Each 
machine replaces 20 women required to 
twin the cans by methods formerly avail- 
able to the packaging industry. The 


entire machinery 
investment for this 
promotional pro- 
gram was no greater 
than either the 
labor cost alone or 
the cost of mate- 
rials alone required 
for twinning the 
cans by the old 
method. 

A spot weld is 
produced at the top 
rims and at the bot- 
tom rims of each 
pair of cans where 
rims contact each 
other. The spot 
welds are  accu- 
rately controlled by 
electronic weld se- 
quence controls, 
and are of such 
nature that they 
will hold against all 
stresses of handling 
and shipment, and 
yet each pair of 
cans may be quickly 


and cleanly snapped 
apart without evi- 
dence of metal tear- 
ing, can distortion 
or leaks. 

Acro engineers developed a new mech- 
anism which imparts continuous straight- 
line motion to the cans permitting momen- 
tary positioning during short weld se- 


quence. A second mechanism, synchro- 


Carbide 


IN THE RED DRUM 


60 E. 42nd St. 
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EFFICIENT 
ECONOMICAL 
DEPENDABLE 


NATIONAL 


Single containers moving on the conveyor line at the left 
emerge from this teromatic spot-welding machine as a 
tu'nned package 


nized through cams with the vertical move- 
ment of the two spot-welding heads, post- 
tions each pair of cans momentarily during 
weld sequence and ejects the previously 
welded pair simultaneously. 


FOR WELDING and CUTTING 
Use National Carbide in the Red Drum 


Write us tor information as to nearest available stock. 


CARBIDE CORPORATION 


New Products 


New York 17. N. Y. 


Tue WELDING JOURNAL 
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MADE BY WELDERS 
FOR 
WELDERS 


SMITHway 
Certified 


ELECTRODES 


A. O. Smith originated modern 
heavy-coated electrodes and 
modern welding techniques. 
Proof of SMITHway Electrodes 
has been given repeatedly in 
their huge production record. 
More than 320,000 have been 
used daily in A. O. Smith plants 

millions more, by other 
manufacturers. 


Electrodes and Accessories 
Sold by Distributors Everywhere 


1949 


Battery of 116 SMITHway Welders, A.C. transformer type, of 400 and 500 ampere capacities. 


On the basis of a 2-shift opera- 
tion, a SMITHway A.C. Welder 
transformer installation, con- 
verted from D.C., will more than 
pay for itself in one year on power 
savings alone. 


Reduction of idle-time power 
costs, improved efficiency under 
load, lower installation cost, 
faster welding, and the use of 
larger electrodes—all add up to 
cost savings you cannot afford 


to overlook. 

SMITHway Welders are shop- 
proved on production lines at 
A. O. Smith, manufacturers of 
more than half the frames for all 
the automobiles ever built. 


Ask one of our engineers to 
call and show you proof of sav- 
ings and proved performance. 

Write on your letterhead, or send the 
coupon for detailed literature. 


New York 17 © Philadelphia 5 ¢ Pittsburgh 19 Atlanta 3 © Chicago 4 Tulsa 3 
Midland 5, Texas * Dallas 1 © Houston 2 © Seattle 1 © San Francisco 4 © Los Angeles 14 
International Division: Milwaukee 1! 


A. O. SMITH Corp., Dept. WJ-749, Milwaukee 1, Wis. 


send us 


Without obligati 
SMITHway Heavy-Duty AC Welders 
| SMITHway Limited Input Utility Weider 
Nome 


Street 


information on: 


SMITHway General-Purpose Welders 


SMITHway Certified Electrode Catalog 


Carefully developed relationship —be- 
tween weld heat, weld time, weld pressure, 
weld area, electrode shape and electrode 
cooling eliminates the difficulties arising 
from the inherent tendency toward elec- 
trode pickup from the electrolytic tin 
plate can rims. An average of 14,400 
consecutive welds are made in continuous 
production before brief interruption for 
electrode dressing or replacement is neces- 
sary. 

Physical characteristics of 32-gage, rolled 
double-seam can rims only ' <in. high 
present difficult problems for spot welding. 
Additional difficulties result from slight 
yet uncontrollable variations in position- 
ing of cans during weld sequence at high 
rate of speed. special floating-elec- 
trode holder assembly was developed 
which provides for automatic adjustment 
to these variables. 


Electrode for High-Speed Tack 
Welding on Heavy Weldments 
and for Cutting 


Hobart No. 
Hobart 


384, is 
Brothers 


A new electrode, 
being announced by 
Co., Troy, Ohio. 

This Class E-6020 electrode is designed 
for making high-speed tack welds on 
heavy weldments without the necessity of 
breaking the excess coating from the end 
of the electrode each time the are is 
started or restarted. It will be found that 
in most cases a mere touching of the 
end of electrode to the workpiece is suffi- 


cient to restart and maintain the are 
The coating has sufficient dielectric 
strength to withstand scraping against 
the workpiece or ground without areing 
through. 

Its concentrated and forceful are, makes 
this electrode exceptionally good for serap 
cutting with the are. os 
unusually easy to control when used for 
scrap cutting. 


This 


electric 


available in 14 in 
length in sizes and 
18 in. length in ' yin. size. Packed in 
standard containers of 50 Ib. each. 


electrode is 


Air-Speed Multiple Electrode 
Resistance Welder 


The Air-Speed type of multiple elec- 
trode resistance welder is designed to take 
advantage of the compact hydraulic gun, 
at the same time eliminating the need for a 
hydraulic pumping unit. Air-oil boosters 
operate through air valves working in 
sequence, connected to the main air sup- 
ply to provide welding 
welding gun passes welding current when 
a contactor, ectuated by the sequencing 
mechanism, energizes the primary of the 
welding transformer. 

The Air-Speed illustrated, welds baffles 
in automobile mufflers made of 0.040-in. 
zine coated steel at the rate of 480 mufflers 
per hour. It makes 16 welds per muffler 
in four progressive groups of four welds 
per group for a total of 7680 welds per 
hour. Two pairs of series welds (four 


welds 
a total of eight welds, are 
In sequence, two groups of 


fe lk wet 


the muffler 


welds, or eight welds, are 
bottom 


This 


i by a like set of four welds, 
made on top 


made on the 


sequence welding elimi- 


nates the need for an internal expanding 
work arbor. 
formers makes two series welds per group 


Tavl r-Winfield Corp., 


Each of two 50-kva 


trans- 


Warren, Ohio. 


How to Use the Oxyacetylene Torch 


for simple and difficult welding jobs 


EGINNING with a discussion of weld- 
ing and cutting equipment, includ- 

ing the gases, oxygen and acetylene, this 
book takes you in progressive steps from 
the simple welding techniques to the 
many advanced changes and refinements 
in the use of the 
oxyacetylene flame. It moves on through 
flame cutting, bronze welding and braz- 


that have been made 


hard facing. 


are emphasized. 


of owning, his own business. 


ing, the welding of various alloys, and 


Pipe welding and the best techniques in 
the welding of alloy steels, aluminum, 
magnesium, silver brazing and hard facing 
Included are many 
helpful practical tips on job shop opera 
tion for the man w ho owns, or 1s thinking 


OXYACETYLENE WELDING AND 


By Sruarr PLuMLEY 


CUTTING 


Formerly Chief Engineer, Smith Welding Equipment Corp. 
Revised and rewritten by T. B. Jefferson, Editor “The Welding Engineer” 


You'll find everything in this book from torch construction and torch design to 
cost estimating in the job shop. It begins with such basic information as to how 
to connect a welding outfit, and how to light the torch and adjust the flame cutting 
of steel and cast iron and gives you approximate methods for estimating gase 

the technique in cutting wire rope 


and time required tor cutting steel... 
cutters, 


You'll also find helpful hints on running a successful business ot your own, such 
setting up a simple cost system . . . 


as analyzing shop overhead . . . 
identification cards, cost cards . . . 
maintaining good will . . . etc. 


TOU 


estimating the cost of the job. 


345 pages, x 11, illustrated, 36.50 
Coupon Now !——— 
The Welding Journal, 
29 W. 39th Street, New York 18, N. Y 


Gentlemen 


ENE 


Please 


WELDING 


send me 


a copy of Plumley 


AND ¢ 


have enclosed my check (or 
plus a few cents postage 


NAME 
torm claims, 


building and CITY 


ADDRESS 


» OXVACETY!I 
immediately I 
order) for $6.50 


UTTING 


money 
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abstracts of 


CURRENT WELDING PATENTS 


Printed copies may be obtained for 2 


WELDING 


2,468,371 Merron « 
Unver Deer Fiux Layers 
Landis, South Euclid Harold 
Spencer Payne, Cleveland, Ohio, as 

Lincoln Eleetrie Co., 


Creorge Cr 


signors to The 

Cleveland, Ohio 

This are-welding process comprises the 
steps of confining a body of free-flowing 
flux within «a tubular casing which is con 
sumable at the te mperature ot the welding 
operation and placing such casing upon 
the work holder or workpiece over the 
line thereof to be welded telative move 
ment between the casing and the electrode 
end of the elec 
trode extending into the flux body within 


is produced with the are 


the casing and with another portion of the 
electrode splitting the essing as relative 
electrode and 


movement between the 


casing is produced 


2,468,372 Evemenr ror Use in 
Ane Landis 
South Euclid, Ohio, assignor to The 
Lineoln Electric Co., Cleveland, Ohio, 


George G 


a corporation of Ohio 

This patent covers a particular type of 
flux container used in practicing the method 
of patent 2,468,371 and wherein a longi 
tudinally extending laterally protruding 
rib having no flux content is provided on 
the casing 


Cleveland 


2,468,570 Arnc-WELDING 
James K. Nyburg, Fast 
Ohio, assignor by mesne assignments 
to General Eleetric Co., a corporation 
of New York 
This welding apparatus ine ludes an 

which has electrode 

member for driving 


electrode feeding 
means provided with 
the feeding means upwardly and another 
member for driving the feeding means 


Manually operable 


downwardly means 
control energization of the welding circuit 
and operation of the drivers, whereas 
means responsive to Variations in voltage 
across the are vary 


A relay is a 


the welding circuit and the are established 


speed of one of the 


drivers so connected across 
and responsive in its operation to a current 
flow therethrough n excess of normal 
Yet another member 
sive to the operation of the relay for con 


is provided respon 
trolling operation ot the up-drive of the 
electrode feed mean 


ELecTRODE Tip 
Michael 


issignor to 


2,468,047 


rok 
Watter Philadelphia, Pa 
The Budd Co., Philadelphia, Pa., a corp 


oration of Pennsvivania 


Jury 1949 


prepared by }. Oldham 


from the Comm 


Watter’s special tip is for use In resist- 
ance welding and includes a conductive 
stem which has a tip at the end thereof 
The tip is essentially square in cross sec- 
tion but has its corners symmetrically 
protruded and rounded out so that the 
square forms with the sides intervening 
COnCAVITIES 


2 468,804 Gas BLan- 
KeTED Torcu— Rudolph 
T. Brevmeier, Niagara Falls, No Y 

2. 468,805 — Gas BLAN- 
KeTED Are-Wetoinc Torcu Harry 
Herbst, toselle, N. J 

2,468,806 Warer-Cootep BLan- 
KeTED Torcu-— Frank 


J. Pilia, Riverside, N. J 

2468,807 Warer-Cootep Gas  BLAN- 
KeTED Torcu— Harry T 
Herbst, Roselle, N. J 

2.468.808 Gas Branketep Arc Wexp- 
ING. Francis M. Drake, Woodridge, 


The foregoing patents were assigned to 
The Linde Air Products Co The patents 
cover specialized are-welding torches of 
the specific type indicated in the various 


titles set forth hereinabove 


Process ror MakInc Com- 
rosire ArticLes-—Ralph FE 
Duee, Kokomo, Ind., assignor to Haynes 


2 


Stellite Co., a corporation of Indiana 
This novel welding process is particular- 
ly directed to controlling the contour of 


the lateral margin of a welded-on overlay 


ol a protective metal The protective 
metal is fed, when molten, into contact 
with suecessive portions of the surface of 
A stream of cooling fluid is 
directed across the lateral margins of the 
having the 


an article 


surface of the base article 
molten overlay metal thereon and sub- 
stantial contact of said cooling stream 
with the molten metal only occurs adja- 
cent the lateral margins of the base article 
The molten metal is chilled and immobil- 
ized only in the portions of same lying 
in the path of the cooling stream. The 
welded overlay produced has approxi- 
mately the same thickness at points adja- 
cent the lateral margin of the surface of the 
article as at points remote trom such 


margin 


2468824 Meurprmce Currne Tie 
Howard G. Hlughev, Fanwood, N. J., 
assignor to Air Reduction Co., Ine., a 
corporation of New York 


Current We Iding Patents 


sioner of patents, Washington 10, D.C. 


This patented tip is for a multipiece 
torch tip wherein an insert is formed to 
provide, when enclosed by a shell and 
seat ring means, a plurality of longitudi- 
nally extending heating gas passages in the 
assembled means The 
duced extend continuously under the shell 


passages pro- 


and seat ring means in succession, with 
a plurality of the shell and seat ring means 
directly upon the 


being separately fittec 
Insert 


ELtecrrope HoLper 
Sidney M. Harvey, Detroit, 


2,468,873 
Switch 
Mich 
Harvey's switch is a special one devel- 

oped for use with a welding « lectrode hold- 

eT 


2.468.038 —TorcH CONTROLLING FIXTURE 
ror Fuame Currinc Macuines—John 
MeLauchlan, Royal Oak, Mich., as- 
signor to Houdaillie-Hershey Corp., De- 
troit, Mich., 
\ specialized type of flame-cutting 

attachment for a tracer head of a flame- 

cutting machine is covered in this patent 


a corporation of Michigan 


AppARATUS FOR FULL Fusion 
Edward F. Beg- 


2,468,062 
or Ralts 
trup, Elizabeth, N. J 
This patent discloses a mold for use in 

the full-fusion welding of metal parts 

The mold 


parts are adapted to surround and enclose 


using superheated weld metal 


the ends of two metal parts which are 
aligned in end-to-end relation with a weld- 
ing gap therebetween. Spattering of the 
weld metal on the metal parts Is prevented 


by the mold 


Lansdowne, Pa 


2,469,382 WELDING 
Charles T 
Gayley's apparatus includes means for 

holding an electrode and means for moving 

the holding means relative to the weld 

These 


motor which has a field winding excited 


Gavyley, 


latter means include an electric 


from a source of constant voltage. The 


electric motor has a pair of Oppose d arma- 
ture windings with one being excited from 


f constant and adjustable volt- 


a source 
age, Whereas the other of the armature 
windings is adapted for excitation by the 
voltage across the welding arc 


Charles 
Chester, 


2,469,810 —ProrectinG HELMEt 
Evans Bowers, Moylan, Pa., 
to Fibre Metal Products Co 
Pa., a partnership 
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The helmet covered in this patent is of 
the type that may be used by welders and 
includes a cover which is hinged to a shield 
portion of the helmet. 


2,469,897 —Mernop anp APPARATUS FOR 
Resistance or ALUMINUM 
Ernest W. Schilling and Ardrey M. 
Bramblett, Lafayette, Ind., assignors 
to Peerless Wire Goods Co., Inc., Lafay- 
ette, Ind., a corporation of Indiana. 
In this apparatus, a pair of electrodes 

are relatively movable toward and away 

from each other with one of the electrodes 
having a single groove in its working space 
for snugly receiving one of the rods. The 
apparatus is adapted for welding alumi- 
num rods in crossed relation. The work- 
ing face of the other electrode has a single 

groove therein for loosely receiving a 

portion of the other of the rods and for 

making substantial line contact therewith. 


2,469,934 ELecrronic CONTROL FOR 
Macuines—Julius L. 
mon, Chieago, IIL, assignor to Welding 
Research Inc., Chieago, ILL, «a corpora- 
tion of Ilinois 


Solo- 


The electronic control svstem ot Solo- 
mon’s patent includes a pair of electric 
discharge valves of the immersed-ignition 
type connected in antiparallel between the 
voltage source and the welding load. A 
plurality of other electric units are pro- 
vided in the cireuit to effect the desired 
control action 


Before 


Welding 
Aluminum... 


2,470,074—-Wetpinc Device— Matthew 
J. Manning, East Detroit, Mich., 
assignor to The Budd Co., Philadelphia, 
Pa., a corporation of Pennsylvania. 
The device disclosed by this patent 
controls the movement of one electrode 
of an electric welding machine toward 
and away from a second electrode. The 
control includes a cylinder having two 
floating pistons therein and somewhat 
complicated means are provided for con- 
trolling the pistons’ action in the cylinder 
to control movement of one electrode. 


2,470,178 Semiavromatic Arc WELDING 
AppaARATUs AND Metuop —Karl Kris- 
tian Madsen, Lomas de Zamora, F.C.S., 
Argentina, assignor to Alctieselskabet 
Esab., Copenhagen, Denmark. 

This apparatus includes a frame for 
resting on the work and a lever that is 
pivotally carried by the frame with elec- 
trode holding means being supported by 
one end of the lever. The electrode may 
be held at substantially right angles to the 
pivot aNXis ol the lever The length of the 
perpendicular from the pivot axis of the 
lever to the longitudinal axis of the elee- 
trode is substantially equal to the length 
of the perpendicular from such pivot axis 
to the line of intersection between the work 
on which the frame is supported and the 
plane of rotation of the electrode 


2.470.552 Wetping Macuint 


Us: Oakite Compound No. 34 to remove ox- 


ides from copper-bearing aluminum alloy sur- 


faces. 


Oakite Compound No. 34 eliminates trouble- 


some smuts, saves time 


FREE For full information about Oakite 


Compound No. 34, write to Oakite Products, 
Inc., 18E Thames St., New York 6, N. Y. 


- Saves money. 


SAFETY EQUIPMENT 


You get service-plus from Dockson ‘Better Built’ weld- 
ing and safety equipment 
taught us how to give you BETTER PERFORMANCE. 
LONGER SERVICE. and MODERATE COST 


There is a DOCKSON distributor near you. Nome on request 


Lionel J. Gottschalk, New Orleans, 

La. 

The welding machine in this instance 
includes pressure-applying  electrod: 
member and a fixed electrode member with 
a movable noneurrent conducting member 
being in spaced relation to the fixed elee- 
trode member. A resilient member urges 
the movable member forwardly so that 
the work is subjected to predetermined 
pressure when a circuit is established 
through the work upon forward movement 
of the pressure-applying electrode 


Type ELeerropt 
John H. Coulter and Arthur F. Wood 
Indianapolis, Ind., assignors to P. R 
Mallory & Co., Ine., Indianapolis, Ind., 
a corporation ol Delaware 
This electrode includes an eleetrodk 
holder, a eap rotatably mounted on the 
holder and seating means in the holder 
for receiving a welding tip 


Alired B 


assignor to 


2,470,668 System 
White, Murrysville, Pa., 
Westinghouse Electric ¢ orp., East 
Pittsburgh, Pa., a corporation of Penn- 
svivania 
White’s welding 

electrical means for use in an are«welding 


svstem relates to 
circuit that has a reactance device and 
has a high-frequeney are stabilizing source 
also connected thereto 


Dockson's 
No. 165 general 
purpose cutting 

outfit shown 
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Years of experience have 


or 


INDUSTRIAL CLEANING MATERIALS + METHODS - SERVICE 


Write for complete welding and safety catalogs 


DOCKSON CORP. «¢ 3839 Wabash ¢ Detroit 8, Mich. 


THe Wevpine 
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LIST NEW MEMBERS 


ANTHONY WAYNE 


Brant, Guy D., Jr. (B 
Thi le, Al B) 


BRIDGEPORT 


Simmons, John M. (B 


CHICAGO 


Erickson, Leonard (C) 
Knapp, Lester C. (C 
Marlowe, Edward James C) 
Niss, Richard C 

Ocest, Rudolph H 
Pouilly, Charles A. (C 
tenaldi, Jack Arnold (B 
Svkes, Ben (C) 


CLEVELAND 


Andrews, C harles T. (C 
Grumney, William L.(C 
Hutter, Joe 

Leach, Orrin C. (C 
Pimpo, Stephen 
Stone, Robert 


Wilch, Frank T. (C 


COLORADO 
Jacobi, 


COLUMBUS 


Dean, Darwin 
Young, Robert G. 


DALLAS 


Baneook, D. F., Sr. 
sjovd, R. O.(B 

Val J. (B 
Carpenter, Jesse 
Casey, Earl I B 
Glitsch, Fritz W., Jr. (B 
Glitsch, Hans C. (B 
Green, Thomas E. (B 
Green, Wayne H. (C 
Haslbauer, H. B 


Hill, A B 


Jack, W. C.(B 
Jones, J. A. (C 


Mapp, R. 8. (C 
Mays, George Q. (B 
McClain, R. W. (B 
MeRee, J. (B) 
Meador, R. D. (B) 
Mellor, Alfred (C) 
Niles, Kenneth A. (B) 
Parkhill, Thomas Albert (C) 
Powell, A. W., Jr. (C) 
Redlinger, H. F. (C 
Reeder, William E. (B 
tobinson, W. H. (C) 
Sprayvberry, B. R.(B 
Squibb, Carl M. (B 
Stewart, J. R.¢C 
Tuttle, Levelle J. (C 
Van Sickle, L. J. (0B 
Viglini, John P. 


DETROIT 


Anderson, Robert 8. (C 
Betwee, Robert A. (C 
W. W.(C 
Breuls, James C 
Brown, Arthur W. (B 
Dixon, George BE. (B 
Dudash, John G. (C 
Dunn, Stephen J. (B 
Engle, Darrell G. (B 


Fabrvykowski, Zvgmunt J. (C 


Fairchild, Lowell O. (B) 
Falik, David M. (C 
Hollander, Raymond (B 
Houck, Harry D., Sr. (B 
Houck, Harry D., Jr. (C 
Jovy, William B., Jr. (B) 
Kessler, Charles A. (B) 
Liljegren, Paul (C 
Marterstich, Raymond (C 
Morton, George D. (1 
Neef, A William (B) 
Nickel, Horace R. (C 
Parker, Raymond F. (B 
Roorda, J. Edward (D 


Vay | to May 31, 1949 


mensurate past earnings 


OPEN POSITION 


MANAGER ENGINEERING SERVICE DIVISION 
wanted by well known manufacturer of electrodes 
and welding metals nationally advertised and distri- 
buted. Ambitious engineer or metallurgist, free to 
travel, knowledge manual application all welding 
processes, good speaker, writing ability, substantiated 
by published papers on welding, case histories, etc. 
well poised, instructor welding courses. Salary com- 
Submit complete resume, 


salary, to Box 102, The Welding Journal, 33 West 
39th St., New York 18, N. Y. 


Sutherland, R. M. (B 
Thomas, C. G. (B) 


NORTHERN NEW YORK 
Woodward, Stanley (B 


Shillum, Raymond J. (B 
Watson, Arthur M. (B) 
Wyman, William A. (C) 
HARTFORD 

Jensen, George Cc. (C) 
Wininger, Thomas F., Jr. (C) PEORIA 

INDIANA Gregg, Raymond Victor (B 


Roberts obert P. ( 

PHILADELPHIA 
LEHIGH VALLEY Gleason, Jame Jr B 
Bellas, Robert C. (C) Kramer, Frederick E © 
Clark, Roger L. (C) Kulp, George H. (C 


teedy, Charles Elwood (C) Lehto, Oliver (B) 
MecAtee, Frank A, (C 


LOS ANGELES Moore, James E C 
Lorch, Charles G. (C) Schade, Richard EF. (B 
MAHONING VALLEY 


tichards, James W. (B) 
Stevenson, Leo M. (C) 


PITTSBURGH 
Wilson, John Richard (C 


ROANOKE 
MARYLAND 
Dance, H. 8. (B 
Pearson, P. G. (C Hoffman, J 
NASHVILLE Jones, Reid, Jr. (¢ 
Aschinger, R. R. (B) TULSA 
NEW JERSEY Walcott, Ben E. (B 


Antezak, Edmund (B) 
Williams, Herbert P. (B) 


NEW YORK 
tippie, Charles W. (C) 


NIAGARA FRONTIER 


joncher, H. P. (B 
Handvside, ( reorgs B 
Willan A. (B) NOT IN SECTIONS 
Kile, E. M. (B) Fragoso, Paulo R. (C 
Newell, F. T. (B) Geffroy, Robert R. (B 
Risley, R. BE. (B) Kirk, R. E. (C 
Schuman, C. FE. (B) Worden, Dale S. (C 


WASHINGTON 
Beasley, E. O. (C 
Godfrey, Michael F. (B 
Wood, L. M. (C) 
WESTERN MICHIGAN 
Harris, Fred P. (C 


WANTED! 


Welders needing information 
on welding 


11%-14% Manganese-Nickel Steel 
WRITE FOR FREE LITERATURE 


Ask to be put on our MANGANAL MARKETER mailing list. 
ROBERT BRAMLEY 


STULZ- SICKLES co. 


134 Lafayette St. Newark 5, N. J. 


Jury 1949 


List of New 


Members 


SECTION ACTIVITIES 


inthony Wayne 


The May meeting of the Anthony 
Wayne Section, held on the 19th, was the 
Section “party’’ meeting at which the 
wives as well as the members participated. 

The party was held at the Orehard 
Ridge Country Club with a Buffet 
Luncheon served at 6:30 p.m. Dinner 
music Was plaved by the Tahiti Islanders, 
who also played later for dancing and put 
on some special “acts.” For those who 
desired, ecard tables were set up. Thirty 
couples were in attendance and an excep- 
tionally good time was had by all. 

Election ballots were opened at this 
meeting and the following officers were 
elected for the 1949-50 season: 

Chairman, Geo. H. Laws; Vice- 
Chairman, Harold Hamilton; 2nd Vice- 
Chairman, Glen Birt; Secretary-Treasurer, 
Harry M. Johnson. 

The following board members were 
elected for 1949-51 terms: R. F. MeNutt, 
L.. J. Klingenberger, I. A. Rollins, Virgil 
Beck, Kenneth Zimmerman, Carl Carv. 


Chicago 


\ well-rounded survey of all inert-gas- 
shielded are-welding processes Was pre- 
sented by John Blankenbuhler of Hobart 
Bros. Co., Troy, Ohio, at the May 20th 
meeting of the Chicago Seetion held in 
the People’s Gas Light and Coke Co 
auditorium. Amply illustrated with black 
and white and colored slides, Mr. Blank- 
enbubler’s talk covered power supply, 
various gases in use, high-frequency 
stabilization, automatic controls and latest 
developments in automatic feeding and 
shielded spot welding. 

Fourteen vears elapsed, Mr. Blanken- 
buhler stated, between the first patent 
issue in 1928 on the basie inert-are process 
and its practical usage in wartime pro- 
duction in 1042 

Concerning the recent Federal Commu- 
nications Commisssion ruling on inert-are 
interference, the speaker stated 
that only 14 cases of proved interference 
have occurred among some 30,000 inert- 
are welders in the United States. Many 
interference problems ean be licked, he 
said, with the aid of several good instruc- 
tional booklets available at present from 
leading welder manufacturers, 

The meeting was presided over by 
W. ©. Pearson, First Vice-Chairman, who 
requested committee reports to be given 


welder 


before the technical session. 

R. F. MeFarland read a letter to the 
Section from Henry Matis, formerly 
ot Chicago and now living in Finland 
Mr. Matis reports that « majority of 
Finnish welding is done with Swedish- 
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Prepared by C. M. O'Leary 


made welders and electrodes. Most fre- 
quent use of welding there is in shipyards, 
tank fabrication and street railway main- 
tenance 

A sound color movie 
Useppa,”’ courtesy of Allegheny Ludlum 
Steel Corp., was shown before the meeting 
was called to order. The movie showed 
tarpon, manta rav and albacore fishing 
off the Pirete Islands on Florida's west 
coast. 

The pre-meeting dinner was held at 
Burke's Grille and Restaurant with about 
45 in attendance. 


“Legend of 


Cleveland 


The above photo shows A.W.S. Presi- 
dent George N. Sieger congratulating J 
F. Lincoln, President of The Lincoln Elee- 
trie Company, on the oceasion of the dedi- 
eation of the 1949 Annual Welding Con- 
ference in Cleveland to him 

M.S. Shane, Chairman of the Cleveland 
Section and toastmaster of the dinner 
which honored Mr Lincoln, looks on. 

Complete writeup of this Conference 
and Dinner was given in the June Section 
Activities 


Colorado 


An informal meeting with no speaker 
was held on May t7th in the Range View 
Room, Silver Wing Inn, Denver \ film 
entitled “Indian Paint,” a production of 
the Colorado Fuel and [ren Corp., showing 
the production of steel in the form of rails 
and other products, was enjoved by all 
A representative of The Linde Air Pro- 
ducts Co displayed samples ol various 
types of welding with a general discussion 
by all 


complimentary of the Colorado Section 


Refreshments were served as 


Columbus 


The Columbus Section held its annual 
meeting on May IJ1th, closing very 
Season This 
designated as Past-Chairman’s 
Each past officer gave the highlights of 


successful meeting Was 


night 


Section Activities 


his tenure of office and was presented with 
Past-Chairman’s pin of the 
AwertcaN Soctety by Fred 
Plummer, District Vice-President 

\ more sober note was injected into the 


the gold 


program when for the first time a past- 
Secretary's pin Was presented by proxy to 
Mrs. George Herre: 
Herren, deceased Seeretarv-Treasuret 
The meeting continued with the installa 


tion of the new officers for the coming 


widow of Creorge 


> 


vear introduced by R R 
Jaeger Machine Co 

Chairman, J.3. Sehlass, Hobart Welder 
Sales & Service; Vice-Chairman, W. W 
Hanes, Jeffrey Manufacturing Co.; Se 
retary, ROS. Green, Ohio State University; 
Treasurer, ©. J. Alff. Clark Grave Vault 
Co 

/ Delegat 
R. R 
alternate, C. B 
mortal Institute 

Refreshments 


forant, of 


repre sentative, 
Machine Co.; 
Battelle Me- 


Jaeger 


Voldrich 


ind oa very interesting 


entertainment program completed — the 
social evening 

The officers thanked those present as 
well as the reader members for their fine 
cooperation in this suecessful year. The 
increased netivity in the Section is partly 
due to the number of members who are 
taking more sective interest the 
Society 

Prior to the cocktail hour an exeeutive 
meeting was held te form a policy concern- 
ing the soliciting of sustaining members 


Dallas 


Organizational meeting of the Dullas 
Section was held on May 12th in the 
Auditorium of the Dallas Power and Light 
Co., Dallas, Tex., at 8:00 p.m. Present 
were thirty members and thirteen visitors 

A. L. Hill, Chairman of the activating 
committee, acted as temporary chairman 

The report of the nominating committee 
was read, and other nominations from the 


floor were ealled for There being no 
other nominations, the slate ot officers 
submitted by the nominating committer 


were declared unanimously elected to 


serve for the ensuing vear, as tollows 
Chairman, Zeutel; Ist Vice- 
Chairman, John A. Wilson; 2nd 1 
Chairman, J. J. Brown; Seecretary-Treas- 
Viglini; Asst. Seeretary- 
Haslbauer 


“rer, Jolin 
Treasurer, UW 
The tollowing were elected to serve 
on the Executive Committee for terms as 
indicated: R. W MeClain (1 vear); 
Maleolm Reed (2 vears); Wm. L. Zeigler 
3 vears 

The tentative by laws ae dr ufted by the 
activating committee, with eorrections 
and additions suggested by the National 


Toe 


| 


AT LOWER PRICES in this new catalog 


More than 150 General Electric arc-welding accessory items Mail to your nearest G-E 
‘ Arc-Welding Distributor . . . 
from helmets and holders to clothing and cable con- od 
nectors...are included in this new catalog, arranged in Sect. 711-8 
Apparatus Department 
General Electric Co. 
to order a single scratch-brush or a gross of cover-glasses. | Schenectady 5, N. Y. 


easy-to-find groupings with all the information you'll need 


1 want the information on the ‘“‘more than 150” 
items in your new welding accessory catalog. Send 
for easier welding with maximum protection. To have the me a copy today. 


Every item in this extensive G-E accessory line is designed 


entire story right at your fingertips, why not get a copy of a 


this new accessory catalog. Just fill out the coupon and mail 
Company 
it this afternoon. Copyraghe 1949, Generes 


Address 


City 


Jury 1949 
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Society, were read and adopted by a 
unanimous vote. 

A very interesting and instructive talk 
on resistance welding was given by J. J. 
Brown of the Chance-Vought Aircraft 
Co., followed by a period devoted to 
questions and answers on the subject 
discussed. 

The newly elected officers were then 
presented to the Section membership and 
each given an opportunity to make a 
statement. 

The first regular monthly meeting of 
the Dallas Section was held on June 9th 
in the Auditorium of the Dallas Power 
& Light Co. Dinner was held in Earl's 
Steak House. This was an Executive 
Committee meeting with «a speaker as 
guest. Speaker was Howard N. Simms, 
Vice-President of Black, Sivalls & Bryson, 
Kansas City, Mo. Mr. Simms’ subject 
was “Quality Control in Welded Prod- 
ucts.” The talk was accompanied with 
slides giving factual illustrations of data 
discussed 


Dayton 


The Annual Spring Pienie of the Dayton 
Section was held on May 25th at the 
Frigidaire Gun Club. Forty couples 
thoroughly enjoyed the entire evening 
The festivities started with a bang-up 
softball game. Although Carl Smith 
led his team in hitting, the opposition 
finally convinced umpire Fred Schulmeis- 
ter that they scored more runs. Hobe 
Rickard was the winning pitcher. After 
« delicious buffet dinner, Al Mealey, pienic 
chairman, led the group in a song fest. 
\ color movie on “Ohio Wildlife” 
ple ted the activities 

The officers for the coming vear are: 

Chairman, John Blankenbuehler; Vice- 
Chairman, HUobe tiekard;: Treasurer, 
Theriault;  Seeretary, Clarence 
Schultheis. Directors: Earl Rinek, Rudy 
Mohler, Howard Snvder, Fred Sehul- 
meister, Ben Hausteld 

The retiring officers, Earl Garber and 
Chairman Ben Hausfeld, were given a 
vote of thanks for making the past vear a 


George 


definite success 


Detroit 


Ladies night ended the 194849 season 


SPOT WELDERS 


TRANSFORMERS 
ForFurnaces, Lighting stion, Power, Auto 
Pha abs 


“AIR, “OIL as WATER COOLED. 


779 South 13th St. 


Near Avon Ave 


MOTOR, 
Sr ELECTRONIC OPERATION, 
also BUTT, ARC, and 


NEWARK 3, N. J., U.S.A. 


for Detroit Section on May 18, 1949. 
This very successful season under the 
aggressive leadership of J. R. Stitt of 
R. S. Mahon Co., was climaxed at the 
Penobscot Club atop the Penobscot 
Building, reserved entirely for the eve- 
ning. It was packed with520 membersand 
guests. The entertainment committee, 
consisting of Kk. B. Brown, American 
Brass Co., Mrs. H. M. Hakalow, General 
Welding Co., R. H. Barlow, Ford Motor 
Co., T. J. Crawford, Consulting Engineer 
and H. 8S. Rose, Progressive Welder 
Sales Co., put on an evening which was a 
social suecess for the members and their 
ladies and did credit to the Section. 

The evening started off with the ladies 
being presented with huge diamond (?) 
rings with stones 5/s in. in diameter, while 
their escorts were given stick pins with 
equal sized stones. Cocktail hour was 
6:30 P.M. with dinner served promptly 
at 7:30. The excellence of the service 
was surpassed only by the surroundings 
and cuisine 

Sixtv-three door prizes secured by 
Bob Barlow (Ford Motor Co.) followed, 
after which dancing on the lower level 
interspersed with the floor show, eoupled 
with the exchange of friendships across 
the cozy table settings, added to the hilar- 
itv of the evening. 

Ended also was the membership eam- 
paign. The membership chairman, Larry 
Strobel (The Detroit Edison Co.), an- 
nounced the Blue Team, under the out- 
standing leadership of Al Lindsey (Ford 
Motor Co.), had won over John Randall's 
(also of Ford Motor Co.) Red Team. 
Hotly contested, it looked toward the last 
like the Red Team would catch up, but 
the Blue's had such a lead that they won 
easily. 

The added membership as given below 
puts the Detroit Section in first place in 
added as well as total members: 

Sustaining Company Memberships, 2; 
Supporting, 10; Members (includes 27 
in above supporting), 83; Students, 16; 
making a total of 186 


Hartford 


The Electric Boat Co., a leader in the 
welding field, showed advanced procedure 
to 150 members of New England Sections 
of the AW s und their guests, on the 


afternoon of Thursday, April 20th, and 
the visitors then toured the Submarine 
Base. Dinner was held at the Lighthouse 
Inn, New London, Conn. 

Members were in attendance from See- 
tions at Hartford, Bridgeport, Boston, 
Worcester and Springfield, along with 
guest members from Philadelphia, Balti- 
more and Buffalo. 

After registering for the local visit, the 
members went by special bus to the Boat 
Company's Groton plant, where guides 
showed groups about the plants and 
stopped at points where welding and 
fabricating operations were in progress. 

Speakers at the dinner included Rear 
Admiral A. I. MeKee, U.S.N. (retired), 
design director for the Electric Boat Co : 
©. B. J. Fraser, First Vice-President of 
the American H. W. 
Pierce, Second Vice-President of the 
Society, and George M. Trefts, District 
Vice-President. The movie, 
was shown thre the eour- 


“Operations 
Crossroads,” 
tesv of the Buse 


Kansas City 


The April 21st dinner meeting was held 
at the Ad Club with thirty-two in attend- 
ance at dinner 

Technical speaker was Merrill 8. Rosen- 
gren, metallurgical and sales engineer for 
the Stearns-Roger Mfg. Co., Denver, 
Colo. Mr. Rosengren’s subject was on 
“Flame Hardening- Its Principle and 
Application 2 \ movie on “Flame Hard- 
ening’ was shown in conjunction with the 
talk. Attendance at the technical session 
was forty-five 

The May 12th dinner meeting was also 
held at the Ad Club. 

There was no scheduled speaker at the 
technical session. Instead there was a 
general welding discussion entitled “Stump 
the Experts.” A fishing and swimming 
film was also shown, 


Louisville 


\ “Quiz” session held in the Preston 
Kunz Restaurant on May 17th, featured 
the final meeting of the 1948-49 season. 
The “Examiner,” Jesse N. Hawkins, pre- 
sented previously prepared questions 
about a variety of welding problems to the 
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“Experts” —E. F. Sehulz, Roba Yarbo 
and C. A. Heffernon (Indianapolis See- 
tion). ‘The proper answering of the ques- 
tions was passed upon by the “Judges” 
Clarence Schiller, P. L. Hedrick and EF. A. 
Cochran. Most of the members of the 
audience took part in a lively discussion 
of the questions also and many valuable 
items of information from actual experi- 
ences were brought out. 

After the “Quiz” Session, the election 
letter ballots were counted and the 
following officers declared elected for the 
1949-50 season: 

Chairman, Eugene ( Gumm; Vice- 
Chairman, Mason 8S. Noves; Secretary, 
Arthur B. Doudna; Treasurer, Carl L 
Jensen New Directors: Murray Davis, 
Jose ph x. Merkt, Louis G Ickert. 

The evening was closed with isocial hour 
and a Dutch Lunch 


Maryland 


The regular monthly meeting of the 
Maryland Section was held on April 
29, 1949, in the Engineer's Club, Balti- 
more In keeping with the plans to make 
the 1949 meetings an educational series 
tov Mansfield, Man Welding 


Engineering and Research of the Southern 


Oxygen, was invited to talk on the sub- 
ject What to Gas Weld and How 
Mr. Mansfield gave a very enlightening 
talk, in which he stressed the fundamentals 
of gas-welding materials which could be 
gas welded and the techniques generally 
used for gas welding these materials. 

In the lively discussiot ilowing the 
presentation, some of the points covered 
in the talk were discussed more in detail 
ind also a comparison of the merits o 
ire Welding and gas welding were touched 

Ar Audience Participating Meeting 
was held on May 20th at the Engineer's 
Club Dinner speaker was Mr. J. G 
kxecutive Secretary of the 
WeELDING Soctery, who pre 
sented an informative talk on the Socrery 
which was verv well 

At the technical session pur of the 
program Moderator read 


questions to each member of two audience 


received 


prepared 


teams Three judges decided on correct- 
ness of unswers There were prizes lor ill 
Michiana 


The Michiana Section finished its 
fifth vear of existence with 
social meeting on May 10, 1049 


business 
OMficers 
for the following vear were elected as 
follows 

Chairman, V. A. Henry; Vie 
A. B. White; Secretary-Treasurer, W. G 
Fassnacht Executive Committes M.A 
Miller, Harry Biederstadt, F. H. Craven 

After the business meeting, «a very 
enjoyable evening was held with refresh- 
ments and prizes. Winners were deter- 
mined by playing bingo 

The Section has been invited to inspect 
the new 200-ft.-high arc-welded gas holder 
being erected in South Bend bv the 
Northern Indiana Public Service Co. The 


1949 


inspection will be made when the con- 
struction piston is lowered to be replaced 
by the operating piston 


Milwaukee 


The Milwaukee Section held its annual 
spring party in the Sky Room of the 
Plankinton Hotel on June 4th. The 
following officers were installed: 

Chairman, L. FE. Grant; Vice-Chairman, 
G. W. Leupold; Secretary-Treasurer, R 
P. Walbridge Directors C. Hart, F 
I Garriott, A. L. Munro, Donald E 
Wilson, Werner Gallo, Joseph H. Stevens, 
L. J. Larson 

Following the dinner and installation 
of officers, there was entertainment in the 
form of a floor show during which one of 
the members, Mr. Garriott, demonstrated 
his talents as a magician by doing seem- 
ingly impossible stunts Another mem- 
ber, Mr. Alexandroff, sang with a local 
Surber Shop Quartet. This group proved 
Dane- 


ing Was enjoved b many of the two 


i tremendous hit with the erowd 


hundred present 
This being the last meeting of the season, 
no additional activities are expected until 


the September meeting 


Vew York 


A meeting of the Executive Committee 
of the New Yor Section was held on 
Mav 23rd. Chairman Place announced 
that the following Committee Chairman 
listed 
Clauser; 


had agreed to serve in the capacity 
Program Chairman ll R 
1 a J r. Stewart; 

Publicity Chairman, John Haydock; Hos- 


pitalit Chairma | B. Stolle: May 


S mole Chairme (;. Sehneider; Jn- 
pectio Trip Ch Charles Kandel; 
} cation Cha L. Baker; Tech- 
nical Representa A.W.S., M. J. Giraldi 

It was voted and passe i that the dinner 
ind technical sessio would be held, in so 
ir as possible, at Schwart Restaurant, 
D4 Broad St... New Yor l Was pointed 


out that this'to entrally situated 

The date for the monthly meetings was 
voted to be change w year 1940-1950 
to the second Tuesday of the month 
Meeting scheduled 
for September 13, 1949; October 11, 
140: November 8, 1049; December 13 
1949: January 10, 1950; February 14, 
1050; Mareh 14, 1950; Arpil 11, 1950 


dates ‘ thus 


Vorthwestern Pennsylvania 


The May 18th dinner meeting was held 
Community 
Center, Erie, Pa Dinner speaker was 


William Walsh who presented an excellent 


in the General Kleetric 


talk on “Hunting and Fishing x B 
Bryant gave 1 demonstration on the 
Contour Marker, which was very well 


received 

A number of sports movies were shown 
Karat Gold,” “Battling 
Bass,” ‘Harvest Time” and ‘Tarpon on 
Light Tackle 


as follows: 


Section Activities 


Oklahoma City 


The regular May meeting was held on 
Thursday, May 5th. Speaker was John 
Ek. Blesi of the local office of the An 
who spoke on the 
and the 


teduction Sales Co., 
subject “Maintenance Welding 
importance of satety and safe practices 
in welding shops. 

Regular glass type slides were used in 
connection with this talk, which was well 


received 


Philadelphia 


The regular monthly dinner meeting 
was held on May 16th at the Engineers’ 
Club. C. B. Voldrich, 
neer, Battelle Memorial Institute, Colum- 
bus, Ohio, was the speaker Mr. Voldrick 
covered — the Weldability of 
Steels’ in his usual able and efficient man 
formal and intor- 


Research Engi- 


subject 


ner as evidenced by the 


mal discussion tha slowed. There were 


mbers and guests present 


seventy-lour m 


it the technical session 


Refreshments we served folowing 


al 


informal 


meeting to promote trien 


discussions 


Pittsburgh 


The Twelfth A isk 


Conterence spo 


Sectior thre Ami 

SocieTyY nd the Engineers’ Society 
Western Pennsyl ii vas held on the 
ifternoo! i Friday Api 
2011 he Me Institu Indust: 
teseare! Annu Dinne nd Ladies 


at the tech: g 1 270 
Dinner 

The afterno session Wa 
chairmaned Hoglund, Welding 
Engineer, Alu 1 Compat of Amer 
iea. Speaker was H. T. Herbst, Develoy 
ment Engines Phe Linde Products 
Co., New Yo Recent 
Developments tions of the 
Inert-Gas-Shielae ling Process 
in) Industry ealt with an 
explanation of the process, Gesenption of 
the torch and power requirements, pro 
duction application magnesium, alumi 


num and stainless stec 

The second speaker was Anton L 
Schaeffler, Metallurgical Engineer, Arcos 
Corp., Philadelphia, Pa. Mr. Schaeffler’s 
subject was “‘Simplifigd Metallurgy tor 
Welders and Welding Supervisors The 


or factors that 


sp tker discussed the 


must be considered when welding mild 


steel, low-allov high-strength steel, staim- 
less steel and dissimilar steels. Colored 
metallurgical 


diagrams described tt 


changes that occur during welding 
Fundamental principles of welding dis- 
similar metals were discussed 

At the dinner short talks were 
©. B. J. Fraser, First Vice-President ot 
the AMERICAN WELDING Society; G. W 
Engineers’ Society of 
Fred L 


nt, AMERI- 


given by 


Ousler, President 
Western Pennsylvania; an 
Plummer, District Vice-Presid 
CAN WELDING 
Entertainment was furnished by \r- 


thur (Art) F. Briese, America’s Knight 
of Satire,” Humorist, Writer and Public 
Relations Counselor, Hot Springs, Ark. 


Portland 


\ fine dinner was enjoyed by twenty- 
two members and guests at the Heathman 
Hotel on May 10th 

Following the dinner, Chairman Crum- 
levy called the meeting to order. 

Secretary Smith read a telegram of 
sympathy sent to J. G. Magrath, Execu- 
tive Secretary, upon the death of his wife. 

Following more Section business, the 
speaker was introduced—- Myron Stepath, 
Welding Engineer of the Bremerton Naval 
Shipyard, who did a very able job of intro- 
ducing a new method of cutting stainless 
steel. His talk was accompanied by 
slides and many interesting questions. 

F. Oles of the Geology Department of 
the University of Washington was then 


introduced. His topic, “Earthquakes,” 
was also presented with slides and proved 
very enlightening and entertaining. 


Roanoke 


Organization meeting of the newly 
formed Roanoke Section was held on 
Thursday, May 19, 1949, and the fol- 
lowing officers were elected: 

Chairman, R. P. Winton; First Vice- 
Chairman, R. M. Baldock; Second V ice- 
Chairman, W. FE. Rose; Secretary, R. W. 


Fronk; Treasurer, Udell Brenner. Mem- 
hers-at-large Linton Hainer (1 year); 
John Mareroft (2 vears);" H. 8. Dance 


(3 vears). 


Tri-State 


A dinner meeting was held on March 
26th at the Vendome Hotel, Evansville, 
Ind. Speaker at ¥the technical session 


was C. A. Heffernon of The Linde Air 
Products Co., whose subject was “Heli 
Are Spot Welding.” 

The April 28th meeting was also held at 
the Vendome Hotel. Anthony Pandjiris 
of the Pandjiris Weldment Co., spoke on 
the subject, “Design for Welding.” 


Western Massachusetts 


On Thursday evening, May 26th, the 
Western Massachusetts Section held its 
final meeting of the vear at the Red Barn 
Restaurant in Chicopee Falls, Mass 
Twenty-three members and guests at- 
tended for a purely social meeting. Frank 
Taft, Past-Chairman and long active 
in the Western Massachusetts Section, 
celebrated his thirty-eighth birthday and 
received the congratulations of the mem- 
bership. An informal announcement was 
made of the plans for next year’s activities, 
which promises to be a very full program 


Employment 
Service Bulletin 


Services Available 


A-5S79. Welding Engineer. Mechani 
cal Engineering graduate. Experience in 
cludes field engineering, sales promotion, 
research and plant welding supervision 
Low carbon and stainless steels, nickel, 
copper and aluminum alloys. Metallic, 
earbon and inert-gas arc, submerged-arc, 
oxyacetylene resistance welding 
Presently located in southern California, 
but will go anywhere 

\-5s80 Welding Engineer. College 
graduate, single, age 47. Licensed engi- 
neer in the states of Ilineis and Indiana. 


Member A.S.C.E., and 
More than twenty-five vears’ experience 
in the fields of Welding, Structural Steel, 
Plate Work and Reinforced Concrete de- 
sign and fabrication. Prewar and postwar 
experience includes such positions as 
Welding Engineer, Chief Draftsman, 
Assistant Chief Engineer and Chief Engi- 
neer. Geographical location of future em- 
ployment unimportant. 


Position Vacant 


V-236. Wanted. Resistance welding 
machinery design engineer. Must have 
specific experience in general design, lay- 
out and detail of standard and special re- 
sistance welding machines, welding dies 
and fixtures. Salary $3600 to $10,000 per 
year depending upon specific experience 
and record. Unusual opportunity in 
young and growing organization. Mid- 


west location. All replies treated as con- 


fidential. 


Annual Meeting Events 


An unusual feature of the Annual Meet- 
ing of the American WELDING SocieTy 
which will be held in Cleveland during the 
week of October 17th, in connection with 
the Metal Congress and Exposition, is the 
combination of the Annual President's 
Reception and the Annual Dinner in a 
President's Reception to be held on Tues- 
day evening, October 18th, at 8 P.M 
The Reception is to consist of a buffet 
dinner, “pay-as-you-go” bar, and then 
dancing, music, ete. The subscription 
will be in the neighborhood of $4.00 per 
person, including tax. 

The Annual University Conference will 
be held as heretofore on Wednesday eve- 
ning at 7:30P.M. special dinner will be 
provided for the visiting professors prior to 
the Conference 


Electric W elding, Are 


Electric Welding, Arc 
Ing Process, R. C. Singleton. 
2 (Feb. 1949), pp. 66-64 

Electric Welding, Are, Submerged 
Speed in Automatic 
163, no. 10 (Mar. 10, 1949), 


pp. 98-102. 


matic Welding Process, G. A. 


Electric Welding Machines. 
vol. 124, no. 16 (Apr. 18, 1949 
Electric Welding 
Single Phase Welding, I 
Feb. 14, 1949), pp. 93-4 
Gas Transmission and Distribution. 


p. 87. 


W. Johnson. 


Services, Dixon 


39) 


pp. 31-34, 60, 62 
Gas Welding, 


Metals. 


Light 


vol. 21, no. 239 (Jan. 1949), pp. 20-21. 


Turbines Kept Turning, F. M. Burt. 
no. 3 (Mar. 1949), pp. 33-35 
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Nelson System of Electric Stud Weld- 
ing. Engineering, vol. 167, no. 4329 (Jan. 14, 1949), p. 33 R 
Studwelding—Versatile Metal Fasten- 
Matls. & Methods, vol. 29, no 


Melt. 
Arewelding, J. H. Hruska. Tron Age, vol. 


Electric Welding, Arc, Submerged Melt. 
\. Stobie. 
vol. 74, no. 1897 (Mar. 3, 1949), pp. 268-269. 
164 Welds in 32 Seconds. 


tesistance, Aluminum. 
Steel, vol. 124, no. 7 


Welding Methods and no. 
Equipment for Construction and Maintenance of Gas Mains and 
. \ Am. Gas. J., vol. 170, no. 1 (Jan. 1940), 
pp. 22-25; see also Gas Age, vol. 103, no. 2 (Jan. 20, 14%), 


Oxy-Acetylene 
Aluminum and Its Alloys, G. FitzGerald-Lee 


Hydraulic Turbines, Maintenance and Repair. 
Welding Engr., vol. 34, 


Iron Castings. 
V. F. Reina. 
Light Metals. 
F. Tvlecote. 
1949), pp. 2r-16r. 


Natural Gas Pipe Lines, River Crossings. 
Pipe Line Stream Crossing, A. 
no. 3 (Feb. 3, 1949), p. 25. 

Pipe Lines, Highway Crossings. 
Fabricated, D. L. Hill. 
1949), pp. D20-21. 
Reconditioning. 
Western 


Significance of 


Unionmelt Auto- 
Machy. (Lond 
Ships, 
worthy. 
1949), p. 73. 


Steel, 


New Approach to 


Steel. Factors 
Instn. 


Trailers, 


Welding ol 
Aircraft Eng., G. E. 


Hoover Dam Tube Mills. 


Is Casting Repair by 
Diesel Power, vol. 27, no. 3 (Mar. 1949), pp. 64-67 
Pressure-Butt Welding of Light Alloy Bar, 
Inst. Welding 


Steel Metallography. 
T. V. Simpkinson and M. J. Lavigne. 
2 (Feb. 1949), pp. 164-167. 

Influencing Weldability of High 
Alloy Steels, and New Weld Cracking Test, P. L. 
Mech. Engrs. 
no. 40), 1948, pp. 173-186; (discussion), 
Manufacture 
Stedman. Welding Engr., vol. 34, no. 3 (Mar. 1949), pp 


Mills, W. Rodder. 


Welding Desirable” 


Trans., vol. 12, no. 1 (Feb 


Self-Supporting 
Rohman. Gas Age, vol. 103, 


Pipe Line Casing Seals 
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Construction News, vol. 24, no. 3 (Mar 


Detection of Ferrite by Its Magnetism, 
Metal Progress, vol. 55, 
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of the Engineering Foundation 


Sponsored by the American Welding Society and American Institute of Electrical Engineers 
American Institute of Mining and Metallurgical Engineers, American Society of Civil Engineers 
American Society of Mechanical Engineers, and Society of Naval Architects and Marine Engineers 


Supplement to The 


‘elding Journal, Suly, 1949 


by George G. Luther, Carl E. Hartbower 
and Donald B. Roach 


Abstract 


It was the purpose of this investigation to determine the me- 
chanical properties and weldability of experimental manganese- 
titanium and manganese-vanadium high-tensile low-allov steels 
which met the physical requirements of Navy Specification 4885 
(BuShips). Fifty-nine 80-lb. fully killed laboratory heats were 
prepared with ranges of composition of 0.12 to 0.20°7 carbon, 
1.00 to 1.50%. manganese, and 0.01 to 0.057 titanium or 0.05 to 
0.15% vanadium. Tensile properties, maximum underbead 
hardness, underbead cracking, weldability according to the nick- 
bend specimen and notch sensitivity as determined by the V- 
notch Charpy bar were the means of evaluating the relative per- 
formance of the steels in both the as-rolled and normalized con- 
ditions 

Of the above data, the most noteworthy were those provided 
by the nick-bend specimen and V-notch Charpy bar. These 
data showed that small variations in the amount of titanium or 
vanadium produced a marked effect on the temperature of 
transition from ductile to brittle behavior. The nick-bend speci- 
men showed that welding adversely affected both the titanium- 
and the vanadium-alloyed steels, this effect being most pro- 
nounced for the higher percentages of titanium or vanadium 
Normalizing produced a marked improvement in the ductility of 
welded titanium-alloyed steels, but there was little improvement 
in welded vanadium steels. In regard to notch sensitivity as de- 
termined by the V-notch Charpy bar, high percentages of titan- 
ium and vanadium resulted in high transition temperatures in the 
as-rolled condition. Normalizing produced a marked improve- 
George G. Luther and Carl E. Hartbower are members of the staff of the 
Metal Processing Branch, Metallurgy Division, Naval Research Labora- 


tory, Washington 25, D. ¢ Donald Roach is now affiliated with the Welding 
Research Staff, Battelle Memorial Institute, Columbus 1, Ohio 


rhis report represents only the personal opinions of the authors and in no 
way retiects the official attitude of the U. 8. Navy Published with the 
consent of the Navy Department 


Weldability of Low-Alloy Wigh-Tensile Stee 


® The effect of titanium and vanadium on the mechanical properties and 
weldability of experimental low-alloy high-tensile steel. Small variations in 
amount of these elements produced marked effect on transition temperature 


ment in the titanium-alloyed steels while in the case of the vana- 


dium steels the improvement was neither marked nor consistent. 
Carbon exerted a marked influence on mechanical properties and 
weldability, while manganese had no effect on notch sensitivity. 
It was found that to minimize notch sensitivity, carbon and 
titanium in combination should not exceed 0.15 and 0.025%, 
respectively; and carbon and vanadium, 0.15 to 0.10°,, re- 
spectively. 

Explanation was sought for the persistent differences in mechan- 
ical performance between the titanium- and vanadium-alloyed 
steels. A study of the microstructure revealed that the titanium- 
alloyed steels contained visible nitride crystals while the vana- 
dium steels did not. Chemical analyses for acid-soluble and acid- 
insoluble nitrogen indicated that increasing titanium content was 
accompanied by an increase in the amount of acid-insoluble 
nitrogen while no appreciable change was observed in the vana- 
dium-alloved steels. A study of the acid-soluble amounts of 
titanium and vanadium before and after normalizing again dis- 
closed a difference in the action of titanium and vanadium. In 
the case of titanium, acid soluble amounts decreased after normal- 
izing, while in the case of vanadium, acid soluble amounts in- 
creased after normalizing. 


PURPOSE OF INVESTIGATION 


HE object of this investigation was to determine 
the mechanical properties and weldability of ex- 
perimental manganese-titanium and manganese- 
vanadium high-tensile steels which met the physical 
requirements of BuShips Specification 4885 (INT), 
July 15, 1943. The approximate ranges of composition 
investigated were 0.12 to 0.22°% carbon, 1.00 to 1.50% 
manganese, 0.01 to 0.05% titanium and 0.05 to 0.15% 
vanadium. 
‘“High-Tensile Steel Plate’? has been used in ship 
hull construction for many years. At first, the desired 
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a 


strengths were obtained by increasing the manganese substituted for vanadium. The question has repeatedly 
content and adding vanadium. During the war when arisen as to how much titanium or vanadium should be 
the supplies of vanadium became critical, titanium was added in combination with carbon and manganese to 


Table 1—Chemical Analyses 


Titanium-alloyed Steels Vanadium-alloyed Steels 
Elements (Percent) Elements (Percent) 
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Table 2—Tensile Properties and Plate Hardness 
Titanium-Alloyed Steels 


As-rolled Normalized 


Tield Potot | Ultimate Strength | Tielé | to 2-in. Yield Potat | Ultimate Strength| Tielé | lon. tn 2-in. 
pei pai pai percent 


75,000 33.9 1.0 $4,000 
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= 
0,06 
0.10 : 
0,07 
0.11 
0.0 
0,10. 
0,06 
0.10 
0.16 
0.17 
0,17 
0.16 
0.07 
0.210 
0.16 
0.06 
q |o.12 
0,041 0.06 
0.040 | |o.10 
a 0.040 | 0.18 
0.07 
3 
0.21) 1,44) 0,18/ 0,024 0,017| 0.10) 0.27) 0,025) 0,036 | 0,027 
4 0,22| 1.39] 0,18] 0,025 | 0,017) 0,11/ 0.26) 0,026/ 0.076 | 0,025) 
0,20] 1.39] 0,18] 0,026 0,017) 0.10] 0.26) 0.036) 0.035/ 0,021 
*Total amounts 
74,780 72.3 %.0 70.5 las 
74,780 70.0 37.0 71.5 
5 76,280 66.9 35.0 71.0 45 
74,280 67.8 35.8 68.0 £1,500 74,750 69.0 38.5 69.5 145 
77.780 67.9 2.8 65.0 149 $2,286 74,000 70.8 26.5 0.5 142 
1,000 1.8 33.0 €?.0 1467 $0,750 72,780 68.9 27.0 68.0 142 
69,000 7.8 7.5 66.0 128 47,750 69,250 69.0 39.0 68.0 137 
| 68,750 35.0 65.5 137 46,750 70,800 66.4 36.0 68.0 
72,000 2.0 63.5 143 47,280 70,000 67.8 27.0 67.5 135 
80,750 7.3 39.0 72.5 135 
140 81,806 74.9 29.0 74.0 130 
1M 48,500 7.3 40.0 71.0 135 
‘3 64.2 41.0 74.5 us 
62.8 41.0 73.5 118 
64.6 79.5 72.5 
29.5 79.0 126 
34.5 78.0 131 
69.0 78.5 78.5 in 
138 
126 
124 
132 
133 
152 
13? 


ing. 


MELTING AND ROLLING PROCEDURE 


Kighty-pound laboratory heats were prepared for 


each of 27 manganese-titanium and 32 manganese- 
These heats were prepared in a 300- 
The fur- 


nace Was initially charged with Armco iron, electrolytic 


vanadium steels. 
lb. capacity, basic-lined, induction furnace. 


nickel and copper bar stock. The nickel and copper and 
subsequent additions of molybdenum and chromium 
were to adjust for the residual elements usually existing 
in commercial steels. 

The more important details of the melting procedure 
95°7,) was added to the heat at 
regular intervals to quiet the steel in the process of 
The 


molten charge was allowed to condition for ten minutes 


follow lerro-silicon 


melting and to keep the heat from rimming. 


before adjusting the composition of the heat with the 
(4°%) 
then added, followed at one-half minute intervals by 


later by an aluminum addition equivalent to 1-lb. per 


remaining alloys. Carbon as wash metal was 


ferro-silicon o), electrolytic manganese and ferro- 
chromium These were followed two minutes 
ton, and finally, a few seconds later, by the titanium or 
vanadium addition for the first 80-Ib. split. Immedi- 
ately after the first split was poured, additional alu- 


minum to the equivalent of */, lb. per ton was intro- 
the 
The aluminum was added in 


duced, and then the titanium or vanadium for 


second split was added. 


get optimum physical properties before and after weld- 


two parts to keep the residual aluminum reasonably 
constant, i.e., to compensate for losses between the first 
and last splits. The time elapsing between the pouring 
of the first and second splits was approximately two 
minutes. The final titanium or vanadium addition was 
then made and the third split was poured one and one- 
The pouring 

Big-end-up 


half to two minutes after the second split. 
temperature was approximately 2900° F. 
cast-iron chill molds provided with hot tops and pouring 
gates were used to cast the steel. The chemical com- 
positions of all heats are presented in Table 1. 

After removing the piped section, the ingots were 
soaked at 2200 
cooled. The slabs were then heated to 2100° F 
rolled to plates 1'/s to 1'/4 in. thick. 
effects of differences in finishing temperature, a portion 


F’., forged into 2-in. thick slabs and air 
and hot 
To eliminate the 
of each plate was normalized from 1675° F., thus pro- 
viding as-rolled and normalized samples for investiga- 
tion. 

TENSILE PROPERTIES 

Standard 0.505-in. diameter tensile specimens were 
prepared from each plate of steel in both the as-rolled 
and the normalized condition The specimens were 
taken parallel to the direction of rolling. Average 
tensile and hardness results for duplicate specimens are 
presented in Table 2. 

In general, for the range of chemical compositions 
investigated, the as-rolled and normalized manganese- 
vanadium steels had higher yield and tensile strengths, 
ratios, and 


higher vield-to-tensile-strength slightly 


lable 


Vanadium 


» 2 (cont.) 


alloved Steels 
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Normalized 


Blon. in 2-in. | Red 
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percent 


Ultteate Strength 
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27.5 60.5 163 
30.0 67.0 161 
26.5 62.0 180 
26.5 62,0 176 
42, 63 ,000 67.0 37.5 73.0 116 
41,000 64,750 63.4 27.0 71.5 122 
44,750 66 , 250 70.6 37.0 70.0 iz 
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| 
425 55 79,280 16¢ 52,500 4.5 146 
4253 54,000 79,000 169 58,750 29.0 63.5 167 
426 53,500 76,78 69.8 187 52,000 35.0 72.0 149 
426 3 56,000 80,000 70.0 29.0 64.5 169 57,500 85 ,000 67.7 28.5 66.0 163 4 
$1,280 71,75 1.5 33.0 67.0 136 48,750 69,750 70.0 28.5 1.0 137 
473 $4,000 75 1.8 22.5 67.¢ 144 $2,780 76,000 69.5 34.0 66.0 144 
52,000 72,500 71.8 76.0 1.5 im 46,750 68,280 68.5 38.5 73.5 137 
51,500 71 ,00C 72.8 35.0 68.5 147 50,000 72,780 67.8 33.5 69.5 140 
¢ $5 ,000 71,78 76.6 34.0 69.0 147 49,000 71,780 68.4 34.5 66.0 144 
a3 66,000 82,250 79.4 27.8 60. 169 85,750 79,000 70.6 21.5 66.5 161 
4223 61,000 85 , 280 1.6 26.0 62.0 171 66 ,500 92,500 1.2 24.5 62.5 162 
61,250 88 72.0 64.0 187 50,250 82,250 61.1 2.5 65.0 169 
44a 52,800 73,800 71.8 24.0 71.8 146 80,280 72,250 69.5 36.0 72.8 142 
4m 3 49,750 73,000 68.0 35.0 71.8 149 49,780 7% , 250 66.2 34.0 71.0 148 J 
4c $3,000 | 73,280 72.4 38.0 68.0 140 $0,250 76,250 65.9 33.5 149 
457 45,000 67,000 67.2 77.0 70.0 171 41,280 62,750 65.9 39.0 71,0 116 
4573 47,280 66 ,000 1.6 33.0 68.0 146 44,750 64,750 69.1 29.5 72.0 128 
458 52,800 74,780 1.8 73.0 18? 47,250 72,000 65.7 35.0 70.0 139 
458 3 55,000 78,250 70.4 Ek 68.5 186 49,500 76,500 64.7 33.0 68.0 144 
61,000 87,800 69.7 .0 65.5 170 85 , 280 78,800 70.4 31.0 68.0 
61,000 76,750 “4.7 64.0 186 
4613 86,750 83,000 68.5 66.5 167 
461 ¢ 59,250 83,250 61.0 170 
462 4 87,750 86 ,500 07.6 174 4 
462 3 61,750 89,750 68.9 183 
462 $7,250 93,500 61.3 18? 
463 60,250 94,000 67.8 179 
4623 67,000 94,250 197 
462°C 73,280 100,750 72.7 192 
467 44,750 67 000 66.9 in 
467 3 44,500 66 250 67.3 
467 ¢ 49,780 75 ,250 66.2 149 
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lower elongation and reduction of area than the man- toward increase in yield and ultimate strength and 
ganese-titanium steels. This difference between the decrease in elongation. 

titanium- and vanadium-alloved steels was most not- Normalizing was found to raise slightly the yield 
able when the carbon was on the high side of the range strength of steels containing low titanium, while it 
investigated. With increasing amounts of titanium and lowered the yield strength of steels containing higher 
vanadium, the as-rolled steels showed a general trend titanium. Comstock also observed this trend and 
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Fig. 1 Transition temperature curves for titanium-alloyed steels 428, 429, 430 and 432 
* The titanium and vanadium contest reported on this and the following figures are total amounts 
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Fig. 2 Transition temperature curves for titanium-alloyed steels, 459 and 460 
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attributed it to grain refinement in the lower titanium 
steels and change in mode of titanium carbide disper- 
sion in the case of the higher titanium steels. Normal- 
izing had no appreciable effect on the ultimate strength 
of steels containing low titanium but it lowered the 
ultimate when the titanium content was high. In 
general, normalizing a vanadium-alloyed steel lowered 
both the yield and the ultimate strength regardless of 
whether the vanadium content was high or low. 


1s0 
464A .21C 1,00 MN .009 TI 
8 .21C 1.00 MN T! 
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AN 
3 
2 100 
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V-NOTCHED CHARPY BAR TEST 


Standard V-notched Charpy bars were prepared from 
the experimental steels of this investigation with the 
notch transverse to the direction of rolling and parallel 
to the surface of the plate. Approximately fifteen 
specimens were used in establishing the transition tem- 
perature curve of each heat of steel in both the as- 
rolled and the normalized condition. In general, single 
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Fig. 2 (Continued) Transition temperature curves for titanium-alloyed steels, 464 and 465 
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Fig. 3 Sample plot of Charpy bar data—Steel 466 
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test specimens were broken at temperatures above and 
below the transition zone, while in the transition zone, 
two or three specimens were broken at a single tempera- 


V NOTCHED CHARPY 
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Fig. 5 


ture. 


heated electrically. 


The desired range of temperature was obtained 
by means of baths of alcohol and dry ice and of water 


The bars were immersed for at 
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Fig. 4 Transition temperature curves for vanadium-alloyed steels 425, 426, 4 
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Transition temperature curves for vanadium-alloyed steels 433, 434 
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Fig. 5(Continued) Transition temperature curves for vanadium-alloved steels, 457 and 458 
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Fig.6 Transition temperature curves for vanadium-alloyed steels 461, 462, 463 and 467 


least 15 minutes at the desired temperature, removed, 
immediately placed in position on the anvil of the test- 
ing machine and broken. A pendulum-type impact 
testing machine of 220 ft-lb. capacity was used at a 
striking velocity of 17.4 ft./sec. 


The data were plotted as ‘energy absorbed vs. tem- 
perature” for all steels, with each plot on a separate 
sheet. Curves were then ‘‘faired-in” and, finally, curves 
from splits of the same heat were superimposed on a 
single sheet to facilitate analysis of results (Figs. 1-6). 
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The original 59 separate plots are not included here and 
the plotted points are not shown on the curve sheets 
because of the overlapping of scattered points. All the 
data, however, are presented in Tables 3 and 4. Curves 
for steels 466A, B and © (as-rolled) and 466 AN, BN 
and CN (normalized) are plotted from these data as 
typical examples of the scatter encountered (Fig. 3). 
Work at this Laboratory using the Charpy bar in- 
dicated that an expedient method of representing the 
transition temperature phenomenon was to note the 
highest temperature at which there occurred the first 
visual evidence of brittleness. The trace of brittleness 
consisted of tiny facet-like surfaces in an otherwise dull 
fibrous fracture. To establish the transition tempera- 
ture with any degree of certainty by this method, it was 
considered desirable to have at least three completely 
ductile specimens at temperatures above that of the 
specimen containing the first trace of brittleness. This 
procedure was carried out whenever there were sufficient 
specimens to permit doing so. When there were in- 
sufficient specimens, the temperature reported (Table 
5) is accompanied by the symbol for “greater than” 
(>). Data representing the first sign of brittleness are 


encircled in Tables 3 and 4 and the transition tempera- 
tures are summarized in Table 5. 

The more obvious conclusions from an examination 
of the transition temperature curves and the onset of 
brittleness follow: 

(a) For all combinations of carbon and manganese 
in the as-rolled condition, there was a detrimental 
effect on the impact-temperature relationship as the 
titanium or vanadium content was increased. There 
was a tendency toward erratic behavior in the vana- 
dium-alloyed steels that was not present in the tita- 
nium steels. 

(b) For a given manganese and titanium or vana- 
dium content in the as-rolled condition, an increase of 
6 points of carbon produced a marked shift in the 
Charpy curves toward higher temperatures. This may 
be observed by comparing the curves for titanium steels 
464 with 459, and 466 with 460; and by comparing the 
curves for vanadium steels 467 with 461, and 458 with 
463. 

(ec) With a given carbon and titanium or vanadium 
content in the as-rolled condition, an increase of as 


much as 45 points of manganese had no appreciable 


Table 3—Charpy Bar Data for the As-Rolled Steels (Ft.-Lb. of Energy Absorbed) 


TESTING TEMPERATURE °F. 
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Table 3 (Contd.) 


TESTING TEMPERATURE °F. 


30 


c 


Nore: The encircled values correspond to the temperature at which there occurred the first visual evidence of brittleness in the fracture. 


effect on the impact-temperature relationship. This 
may be observed by comparing the curves for titanium 
steels 464, 465 and 466 and also 428, 429 and 430. An 
exception is seen, however, by comparing curves 459B 
and © with 460B and C. 
effect of manganese may be observed by comparing the 
curves for steels 467, 434, 458; also 461, 462, 463; and 


by noting the curves for steel 433. 


In the case of vanadium, the 


d In the case of the titanium-alloved steels, 
normalizing produced a marked improvement in the 
impact-temperature relationship. In general the im- 
provement was greatest when the titanium was on the 
high side of the range investigated. As in the case of 
the as-rolled steels, when the titanium content was in- 
creased, the Charpy curves (of the normalized steels), 
were shifted to higher temperatures. However, after 
normalizing, the difference between the steels of high 
and low titanium content was much less than it was in 
the as-rolled condition, especially with earbon on the 
low side of the range investigated. In the case of the 
vanadium-alloved steels, the effect of normalizing was 
not consistent and the improvement, if any, was not as 
marked as in the case of the titanium-alloyved steels. 
In some cases, normalizing was found to be detrimental 
notably 433 and 434). In many instances, normalizing 
was found to have no effect on the impact-temperature 
relationship. Thus, there was a marked tendency to- 
ward erratic behavior and a lack of significant trends 
after normalizing the vanadium steels. 
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The combined effeet of carbon and titanium, and 
carbon and vanadium, in altering the transition tem- 
perature curves makes it difficult to determine the 
optimum combinations of carbon and titanium or 
vanadium for minimizing notch sensitivity. A de- 
tailed examination of the temperature-impact curves 
indicated that carbon and titanium in combination 
should not exceed 0.15 and 0.025°7, respectively, and 
carbon and vanadium should not exceed 0.15 and 0.10 
respectively (Figs. 7 and 8). 


BEAD-WELD NICK-BEND TEST 


The nick-bend specimen was employed for measuring 
Welded and un- 


welded longitudinal specimens for both the as-rolled 


the effect of welding on ductility. 


and normalized conditions were prepared and were 
tested in accordance with Fig. 9. Bead welds were de- 
posited automatically in the flat position using 4 eI. 
£6010 electrode with 175-amp., 26-v. and 6-in.-per- 
minute travel. Steels 425A through 434C were inadver- 
tently tested in the original as-rolled thickness (1'/s to 
1'/, in.). All other plates were shaped to a thick- 
ness of 1 in. to provide a uniform surface for weld- 
ing and a constant beam thickness. Two days after 
welding, duplicate specimens were bent at 80° F. 


in a 9-in. span jig using a l-in. radius plunger. 


Load-deflection diagrams were automatically recorded 
and the maximum load and angle of bend at maximum 


297-s 


sree. 

| 


load were noted. The results are presented in Table 6. 


A detailed examination of the nick-bend angles for 
the various possible combinations of carbon, man- 
ganese and titanium or vanadium in both the as-rolled 
and normalized conditions revealed no marked or con- 
sistent trends except where a major increase in carbon 
decreased the bend angle. 


From automatically recorded load-deflection dia- 
grams, a standard has been devised for the purpose of 
qualitatively classifying the amount of energy ex- 
pended in fracturing a specimen after maximum load 
(Fig. 10). This was found to provide a useful index of 
weldability. The standard consisted of three major 
categories of load-deflection diagram. The ‘‘A-type”’ 
signified progressive failure until the load had dropped 
“B-type” signified progressive failure 
followed by an appreciable drop in load after maximum 
with negligible increase in angle of bend; and “C-type” 
signified an appreciable drop in load with negligible in- 
crease in angle, the failure occurring at maximum load 
(brittle failure). It is to be noted that there are three 
energy measurements which can be made from the load- 
deflection diagram: (1) The work done before maxi- 
mum load, i.e., the energy required to initiate failure, 


over 5067; 


AND 2.025 T! 


V NOTCHED CHARPY 


| 


ENERGY ABSORBED FT. BS 


(2) the work done after maximum load, 1.e., the energy 
required to propagate failure and (3) the total work, 
i.e., the energy required to rupture the specimen. The 
temperature at which there occurred a transition from 
B- to C-type failure, i.e., the temperature which mini- 
mized the energy required to propagate failure, was 
taken as the index of weldability. A comparison be- 
tween the titanium and vanadium steels using this 
index of weldability disclosed the following: In the as- 
rolled condition both the titanium and vanadium steels 
were adversely affected by welding in that their transi- 
tion temperatures were raised. In general, as the 
titanium or vanadium content was increased with a 
given carbon and manganese content, welding reduced 
the amount of energy required to propagate failure at a 
given temperature level. However, the titanium steels 
were less affected by welding than the vanadium steels, 
particularly when the carbon and the titanium or 
vanadium were on the high side of the ranges investiga- 
ted. Normalizing the titanium-alloyed steels pro- 
B- and C-type 
failures became A-type failures with but two exceptions. 
Thus, after normalizing, the weldability of the titanium 
steels was markedly improved. 


duced a substantial improvement. 


Normalizing the 
vanadium-alloved steels was somewhat beneficial but 


.16C AND 2.025 TI 


.16C AND <,025 TI 
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Fig. 7 Summary of transition temperature curves for titanium-alloyed steels 
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Table 4—Charpy Bar Data for the Normalized Steels (Ft. of Energy Absorbed) 


TESTING TEMPERATURE °F 


EMPERATURE °F. 


4 
Nore: The encircled values correspond to the temperature at which there occurred the first visual evidence of brittleness in the fracture. 
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the effect was not nearly so marked as in the case of the 
titanium steels. 


UNDERBEAD CRACKING 


The cracking specimen used in this investigation 
consisted of a short string weld bead 1'/, in. long de- 
posited on a small block 4 in. long by 2 in. wide. The 
specimens were welded at two temperatures, 10° and 
80° F., using '/s-in. diameter E6010 electrodes with 
100-amp., 25-v. and 8-in.-per-minute travel speed. The 
method of crack detection consisted of taking transverse 
sections of the weld and polishing, etching, and exam- 
ining the heat-affected zone at a magnification of 150 
diameters. The amount of cracking present was noted 
according to the following index: “OK” indicates no 


MAXIMUM UNDERBEAD HARDNESS 


Strips */s- in. thick were cut from the center of the 
as-rolled nick-bend weldments transverse to the weld 
bead. The sections were surface ground and polished 
through 3/0 grit emery paper and then electrolytically 
polished with a mixture of perchloric acid and acetic 
anhydride followed by etching with a nital-picral 
reagent to bring out the fusion line and heat-affected 
zone. Six rows of Knoop indents (0.5-kg. load) were 
then made perpendicular to and across the fusion line 
of each weld, and at a later time a series of Vickers in- 
dents (10-kg. load) were made in the heat-affected zone 
adjacent to the fusion line. For purposes of compari- 
son, the maximum quench hardness was determined for 
each steel and the per cent of maximum quench hard- 
ness to maximum underbead hardness was determined. 


visible cracking; “X"’ only one small crack; “NX” 
one or more large cracks and “XXX” cracking com- 
pletely around the heat-affected zone. The steels were 
found to have little tendeney toward cracking in the 
heat-affeeted zone (Table 7). Only 9 of the 59 steels 
exhibited cracking, none of which were completely dium content and maximum = underbead hardness. 
The expected relationship between carbon content and 


An examination of both the Vickers and Knoop 


maximum underbead hardness (Table 7) for a given 


carbon and manganese content showed that there was 


no consistent relationship between titanium or vana- 


; cracked, and of these, 7 contained O.18°; or more 


however, 


maximum underbead hardness was found, 


carbon. 
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Fig. 8 Summary of transition temperature curves for vanadium-alloved steels 
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and as the manganese was increased from low, to inter- 


mediate, to the high side of the range investigated, the 
maximum underbead hardness increased. It has been 
shown previously in this report that as the titanium or 
vanadium was increased with a given carbon and man- 
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Fig.9 Bead weld nick-bend details 
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ganese content (1) the as-rolled steels showed a general 


trend toward increase in yield and ultimate tensile 


strength and a decrease in elongation, (2) the nick- 


bend ductility before and after welding decreased and 


3) the notched-bar transition from ductile to brittle 


behavior was shifted to increasingly higher tempera- 


tures. In spite of these trends in mechanical properties, 


Table 5—Transition Temperature According to the First 
Sign of Brittleness 


TITANIUM-ALLOYED 
‘Steel | | cN 
| | | | | 
429 80 | | >140°° 50 60 
430 | 90 60 | >100" 20 50 50 
432 | | 50 -20 32 32 
459 | 60 | 20 
460 20 | > 90°* | > 200% ~o | 32 
140 wo | 70 60 
465 | 50 | 120 |>200% | | so | 9 
| | ao | 20 | 200 | 200 
VANADIUMRALLOYED 
425 6 | >u0 | | 100 
50 =20 40 
431 50 wo | Oo 80 
433 |>1,0*° | >100°! uo | 140 
434 60 | >100*? |>100°° 60 140 120*° 
457 | 60 | | 32 | 7 
458 20 32 120 | 50 60 | 70 
461 220 |>200%7 | 140 | 32 50 | > 200°* 
462 100 | 180 70 | >160*° | >160*! 
463 wo | | wo 50 220 | >160% 
67 >100°° | >90** |> 160% | 20 | 100 70 
* The notation >90°*? signifies that the onset of brittleness 


may oecur at a higher temperature than 90° F ? indicates that 
two completely ductile fractures occurred at 90° or higher tem- 
peratures —at least +3 are desirable in establishing the first sign 


of brittleness 


Fig. 11 Titanium-cyano-nitride in steel 465 Speci- 
men unetched. 860 
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Table 6—Nick-Bend Test Data 


Titanium-Alloyed Steels 


As-rolled 


Normalized 


429 20,800 
429 B 22,400 
429 22,300 
430 66 20,900 
430 B 61 21,700 
430 ¢ 46 20,700 
432 A 76 21,100 
432 B 70 20,650 
432 ¢ 62 19,750 
4 4594 13,750 
459 B 75 15 ,000 
459 15,150 
460 a 72 15,700 
460 B 2 16,850 
460 C 68 18,700 
4644 69 15,700 
464 B 67 17,100 
464 C 52 18,100 

465 72 16,700 
5 465 B 67 17,600 
465 C 58 18,400 
466 4 64 18,150 
466 B 64 19,800 
466 C 57 20,700 


Degrees™ 
26 
26 
33 
26 
268 
26 
36 
> 
46 
4 
40 
a 61 
a 63 
a 63 
a 48 
a 52 
B2 40 
32 
4. 
a 36 
a 77 
B2 3 
a 23 
B2 19 
B2 1s 


Maximum | Type of Steel 
21,200 32 429 8B 
20,800 B2 429 
18,900 a 420 4 
19,100 al 430 B 
19,600 B2 430 ¢ 
20,100 a 4324 
19,400 Bl 432 8B 
20,200 B2 432 
14,300 a 4594 
15,400 a 459 8B 
16,300 B2 459 
16,200 460 4 
17,600 B2 460 B 
19,400 c2 460 C 
15,300 a2 4644 
16,400 B2 464 8B 
17,600 B2 464 C 
16,000 a2 465 4 
17,300 B2 465 B 
17,400 c2 465 
14,800 Bl 4664 
16,300 C1 466 3B 
18,200 c2 466 C 


Degrees” 


Baz 


S33 88a SAR ASR BRS BRB 


PEP PER PPP PRE FER PEPE PPP 


Degrees 


A) Maxioun 


Type of 


Sa2 


FES SSR B98 


20,300 
18,400 
21,300 


20,500 
17,700 
20,200 


19,600 
19,500 
19,700 


1,000 
17,800 
19,900 


14,600 
15,200 
14,300 


1€,800 
16,400 
15,200 


PEE PEE PSE CRE PPP EPP PEEP 


Vanadium-Alloyed Steels 


Normalieed 


PLAT? 


PLATE 


BEAD WELD 


Maxioun of Derreess | Degrees*| Meximum | Type of Degrees™ | Maxioun | Trpe of 
Logd-)> | Feilute of Bend | of Bend | of Bend | | Feilure 


23,100 


56 23,500 
A 2 23,000 
B 62 26,100 
A 66 21,000 
B 54 22,100 
7c 20,500 
B 69 22,80 
62 21,500 
a 53 24,700 
B 24,400 
50 25,800 
A 63 21,500 
63 22 ,40C 
c 58 21,700 

A 75 15,500 
B 66 16,900 
a 68 17,600 
B 76 18,250 
c 63 20,800 


18,900 
52 17,800 
19,200 


19,900 
20,400 
21,400 


a 52 20,600 
B 51 21,800 
c 22,60C 


15 
15,500 
17,500 


Ra 


RSs 


No curves run 


21,700 Bl 

1,500 c2 425 B 
21,500 Bl 4264 
21,500 al 426 5 
20,00¢ Bl 427 B 
20,200 Bl 471 a 
15,600 | 431 B 
20,500 Bl 431 ¢ 
21,800 | B2 423 a 
22,000 423 
21,200 | 427 ¢ 
2c,900 | Bl 4344 
20,300 | B2 434 
21,800 | B2 474 C 
15,500 | 457 A 
16,700 B2 457 B 
27,600 | B2 4584 
18,000 | 458 B 
19,80c | B2 458 


18 ,00¢ 


62 
61 


BSE 


38 


233 


20,70€ 
23,600 


22,300 
23,800 


20,200 
24,200 


20,600 
19,400 
21,700 


22,200 
25,500 
22, 900 


20,00 
19,700 
21,700 


14,000 
14,900 


16,700 
16,500 
18,600 


16,800 
17,100 
17,500 


18, 400° 
19,400 
21,200 


19,800 
19,800 
20,100 


14,700 
15,200 
15,700 


SSe EE 


See 


36 
16 


27 
2z 


19,400 
17,400 


19,300 
19,200 


19,000 


19,400 
17,800 
19,700 


21,300 
22,000 
22,000 


18,900 
19,900 
21,700 


15,600 
15,200 


17,400 
17,700 
16,600 


14,700 
14,700 
14,100 


14,400 
13,800 
15,500 


A 
Bl 


B2 
cl 


*Angle at maximum load. 


of Bend oad of Ben of = 
4 
68 21,400 21,400 36 
428-3 64 21,600 21,200 28 
3 428-¢ 64 21,800 21,500 4? 
22,100 38 
21,300 31 
22,000 41 
19,200 
21,500 
20,200 
20,000 
19,150 
20,000 
14,100 
14,300 
14,200 
14,900 
15,500 
16,200 
15,900 16,000 
15 ,600 16,000 
16,100 15,300 
17,000 15,500 
16,600 15,200 
16,700 14,800 
17,100 17,200 
18 ,000 16,150 
17,200 13,400 
As-rolled 
428 63 29 
426 27 72 
427 72 55 Al 
42° 75 
43) 54 al 
42. 39 Bl 
431 B2 
i 
4233 29 B2 
433 26 c2 
433 32 B2 
474 48 a 
434 46 
45? a 55 | 64 al 
a 457 a 46 49 a 
458 A 28 43 B2 
ase al 41 
2 458 Bl 30 28 B2 
Wy 461 15 14,800 BL 4614 68 26 a 
461 B2 21 17,600 c2 461 B 56 19 Bl 
461 B2 28 15,600 c2 46ic 42 16 Bl 
462 16 16,500 | 462 4 6 1? 31 
ag 462 B 3B? 21 18,800 c2 462 3 48 9 cl ; 
462¢ B2 9 16,900 c2 43 9 cl 
443 BP? 13 16,700 | 463 A 5? 14,700 | 
463 B2 4 18,000 c2 463 B 42 15,600 Bl 
2 463 B2 “ 16,900 c2 463 C 40 10 17,000 ro 
46 rv 50 15,900 | Bl 467 & 78 61 15,100 al 
3 46 al 53 16,900 al 467 B 76 60 15,700 B2 
46 Be 49 3B2 467 75 53 15,900 al 
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maximum underbead hardness showed no significant 
differences between A, B, C splits where carbon and 


manganese were held constant and the titanium or 


vanadium varied. 


MICROSTRUCTURE 


Microexamination of representative steels (458, 469, 


162 and 465) in the polished but un- 
etched condition disclosed visible 
nitride erystals in the titanium-al- 
loved steels while there were none in 
the vanadium steels. It was noted 
in the case of the titanium-alloved 
steels that as the titanium content 
increased, the presence of titanium- 
nitride became increasingly evident. 
In steels 460A and 465A, where the 
titanium content was low (0.007 and 
0.0096, 


not observed at 


respectively), nitrides were 
1500 diameters; in 
and 465B where the 
titanium content was intermediate 
0.025 and 0.0267, 
there was an occasional large angular 
erystal; and in steels 460C and 465C 


steels 


respectively), 


where the titanium content was high 
0.032 and 0.0466, 
large pink angular crystals of the 
nitride occurred relatively frequently 


respectively), 


and the matrix contained numerous 
small crystals often associated with 
other inelusions (Fig. 11). Typical 
microstructures of the titanium and 
vanadium (etched with 1 
nital and 4°; pieral) are shown in 
Figs. 12 and 13. 
Grain size 
made on 24 steels in both the as- 


steels 


determinations were 


rolled and normalized conditions. 
The as-rolled grain sizes were pre- 
dominantly 6 and 7 while after nor- 
No re- 
lationship was found between grain 
size and nick-bend ductility or 
notched-bar transition temperature. 


malizing they were 7 and 8. 


A comparison of the as-rolled grain 
sizes of a group of steels of progres- 
sively poorer impact-temperature re- 
lationships ( Fig. 8: Steels 426A, 425A, 
167B, 425B and 462B) showed the 
best steel of the group (426A) to be 
there 


particularly finegrained but 


significant or consistent 
differences between the grain sizes 
of the other steels. An examination 
of steel 458A, whose impact-tempera- 


were ho 


ture relationship was best of all the 
vanadium-alloyed steels, did not re- 
veal any difference between its grain 


304-s 


size and that of the majority of the other as-rolled steels 
examined. 

Since titanium and vanadium are both strong carbide 
formers, and size and distribution of the carbides are 
generally considered to have an affect on the mechanical 
properties, a study of the carbides was undertaken. At 
high magnification (1000 X) a peppering of fine car- 
bides was revealed throughout the pearlite and at the 


Table 8—Chemical Analysis for Nitrogen 
Ni rogen Determinations —Titanium- Alloyed 


STETL BO AC ID- SOLUBLE ACID- INSOLUBLE TOTAL 

453 1.40% .009T! -0030 -0020 
022% 20005 0049 
a Normalized -0037 0012 0049 
BN 0005 .0050 
cr -0006 0015 .0038 0050 

3 02671 -0000 0010 | 0040 
as Normalized | .0050 .0000 .0050 
BN oo12 0035 0047 
cs 0075 0050 

460 | 0050 0000 0050 
ay Normalized 0050 +0000 0050 
0020 0033 0063 
cs 0015 0035 0080 

489 4 .96™m .009TS 0040 0025 0065 
ay Yorealtred .0022 -0017 005 
0035 


be 10,0005. wherever two values are reported, the 
etermination and the right-hand value is the result 


Table 8 (Contd.) 
Nitrogen Determinations —Vanadium-Alloved 


CHEMICAL 

xc ANALYSIS ACID-SCLUELE acl TCTaL 

A 96Mn .047 65 
4? 0023 .0C2 20022 20748 
Normalized 20025 0025 
cK 20012 00235 20020 00047 

46> A 1,20Mm .059 -0020 0010 0649 
8 | 20020 -0010 
lav -0025 -0010 
Normalized .0017 .0070 0027 
By -0020 .0008 0025 
20018 0025 

4584 +140 .067 20030 -0010 
20075 
0020 
ay Normalized 20040 .0040 
| .0050 
Cy 20028 

| 

425 .069 .0033 .0028 | .0058 

B 0040 .0040 20020 -0020 .0070 
| 

as Normalized .0058 | -0005 -0060 
.0055 |} | -0060 .0065 
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enorted 
d value 


are estimated to be 20,0005. Wherever two values are reported, the 
is the original determination anc the right-hanc value is the result 


check on an entirely new sample. 
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grain boundaries of the pearlite (Fig. 14). There were 
none of the fine carbides in the ferrite or at the ferrite 
grain boundaries except occasionally immediately ad- 


jacent to the pearlite. After normalizing, the pearlite 


areas were smaller and more generally distributed and 
the fine carbides were generally more prevalent at the 
pearlite grain boundaries. No marked differences in 
the size and distribution of the carbides were noted be- 
tween the A-, B- or C-splits or bet ween the titanium and 


vanadium steels in general. 


CHEMICAL ANALYSIS FOR NITROGEN 


Acid-soluble and acid-insoluble determinations of 
nitrogen were made on a number of representative steels 
by dissolving the samples in 1-1 HC] acid and treating 
the insoluble material with perchloric acid. The 
analysis for acid-insoluble nitrogen was taken to indicate 
the amount of titanium or vanadium combined as the 
nitride and the acid-soluble amount was taken to indi- 
cate both the nitrogen in solid solution and the nitrogen 
combined as aluminum-nitride, manganese-nitride, ete. 
The total nitrogen was taken as the sum of the acid- 
soluble and the acid-insoluble amounts. Table 8 re- 


cords the results of these analyses. 


Vicrostructure of titanium-alloyed steels. 
Magnified 115 
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and Vanadium 


litanium 


T 


Acid-soluble Titanium 


Composition 


Acid-soluble 


Condition 


el4C 1.45Mn .OO7TL 
(Total) 
oC32Ti 
1.40Mn ,O09Ti 
OL6TL 


2032TL 


2003 
2003 


2014 
2002 


2004 
2004 


2005 
2000 


2009 
2006 


2007 
2000 


as-rolled 
normalized 


as-rolled 
normalized 


as-rolled 
normalized 


as-rolled 
normalized 


as-rolled 
normalized 


as-rolled 
normalized 


Acid-soluble Vanadium 


Composition 


Acid-soluble 


Condition 


1.20Mn .05V 
(Total) 

.O4V 
ol 


1.43Mn 


-18V 


2070 
2062 


2132 
2138 


+064 
2065 


2126 
0139 


2072 
2074 


0153 


as-rolled 
normalized 


as-rolled 
normalized 


as-rolled 
normalized 


as-rolled 
normalized 


as-rollec 
normalized 


as-rolled 
normalized 


Luther, et al—Weldability Low-Alloy Steels 


Steel No. : 
— 
A tif “i an A AN ~ ud 
| 1949 305-s 


The chemical analyses for nitrogen disclosed a 
difference between the titanium- and the vanadium- 
alloyed steels. In the case of the titanium-alloyed 
steels both as-rolled and normalized, the acid-soluble 
nitrogen decreased and the acid-insoluble nitrogen 
(titanium nitride) increased as the titanium content was 
increased but the total nitrogen content remained 
practically constant. In general, normalizing had no 
effect on either the acid soluble and insoluble amounts 
or the total nitrogen content. For vanadium-alloyed 
steels both as-rolled and normalized, the nitrogen de- 
terminations were relatively constant for any one group 
of steels regardless of the vanadium content. No ex- 


planation is offered for the rather large differences in 


nitrogen content between the as-rolled and the normal- 
ized condition of steels 425A and 425B. 


CHEMICAL ANALYSIS FOR ACID-SOLUBLE 
TITANIUM AND VANADIUM 


Comstock, in an investigation of steels alloyed with 
titanium and made under conditions of actual steel 
mill practice, noted an appreciable increase in impact 
value brought about by normalizing and attributed the 
improvement to the decrease of titanium in solid solu- 
tion in the ferrite as the result of normalizing. To de- 


termine whether there was a decrease in solid solution of 
titanium and vanadium on normalizing, six samples of 
both titanium- and vanadium-alloyed steels were ana- 
lyzed for acid-soluble titanium or vanadium before and 
after normalizing, Table 9. Once again a basic differ- 
ence between the titanium- and vanadium-alloyed steels 
was disclosed. In the case of the titanium-alloyved 
steels, the samples containing low titanium were rela- 
tively unaffected by normalizing (a difference between 
values of 0.003 is not considered significant ) while those 
containing titanium on the high side of the range inves- 
tigated were affected in that the acid-soluble amount 
was decreased by normalizing. In the case of the vana- 
dium-alloyed steels, two of the three heats containing 
low vanadium were unaffected while the third contain- 
ing high carbon, showed a decrease in the acid-soluble 
amount after normalizing. The threes teels containing 
vanadium on the high side were affected to varying ex- 
tents, but in all cases the acid-soluble amounts in- 
creased. In regard to the latter three steels, it is to 
be noted that the steel whose notch sensitivity was un- 
affected by normalizing showed the least increase in 
the acid-soluble amount while the two steels whose 
transition temperatures were materially improved by 
normalizing showed a substantial increase in acid- 
soluble vanadium as the result of normalizing. 


ig. 13) Microstructure of vanadium-alloyed steels. Magnified 115 
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Fig. 14 Pearlite. 


CONCLUSIONS 


Small variations in the amount of titanium or vana- 
dium present in the high-tensile low-alloy experimental 
steels investigated, had a marked effect on the tempera- 
ture transition from ductile to brittle behavior as in- 
dicated by the V-notch Charpy bar and the nick-bend 
specimen. The latter showed that welding adversely 
affected both the titanium- and vanadium-alloyed 
steels; the effect was most pronounced when the 
titanium or vanadium was on the high side of the ranges 
of composition investigated. Normalizing produced a 
marked improvement in the weldability of the titanium- 
alloyed steels, but there was little improvement in the 


vanadium steels. In regard to notch sensitivity as in- 


dicated by the Charpy bar, titanium and vanadium on 


the high side of the ranges investigated resulted in un- 
desirably high transition temperatures in the as-rolled 
condition. Normalizing, however, produced a marked 
improvement in the transition temperatures of the 
titanium-alloyed steels, but the improvement was 
neither marked nor consistent in the vanadium steels. 
To minimize notch sensitivity in the experimental heats 
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TEMP. (°F) 


CHARPY IMPACT (FT -LB) 


Magnified 650 X 


of steel, it was found that carbon and titanium in com- 
bination could not exceed 0.15 and 0.025°%, respectively, 
and carbon and vanadium, 0.15 and 0.10°%, respec- 


tively. 
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Discussion by G. F. Comstock 


This paper presents an enormous amount of interest- 

ing data on the effect of composition and normalizing 
on various properties of the so-called high-tensile 
manganese-titanium and manganese-vanadium plate 
steels used extensively by the Navy. Although the 
steels were all melted in small induction furnace heats, 
it should be noted that the plates tested were over 1 
in. thick. These results are thus specially useful to 
supplement those previously reported on these types of 
steel which have generally been tested in the form of 
' y-in. plates. 
Although the individual test results are conscien- 
tiously reported, the conclusions are rather general or 
qualitative as referred to the kinds of steel investigated. 
The writer found it somewhat difficult to derive a 
definite quantitative comparison between these kinds 
of steel from the tables or charts, or from the con- 
clusions, and therefore compiled some average data to 
facilitate an evaluation of the results on such a basis. 
This was done with respect to only a few of all the 
properties reported in the paper, those being selected 
which seemed of most significance to the writer for 
indicating useful strength, notch toughness and weld- 
ability. The steels were divided for this purpose into 
four classes depending on their titanium or vanadium 
contents. The average data obtained in this way are 
presented in the following table. 

The justification for the authors’ statements regard- 
ing yield strength is readily appreciated from this 
table of average results. Only the low-titanium steels 
are improved in yield strength by normalizing, and the 
vanadium steels have consistently higher vield strengths 
than the titanium steels, even though their carbon 
However, it should be noted 
that the minimum Navy requirement for high-strength 
plates of this thickness is only 42,000 psi., and all but 


contents average lower. 


G. F. Comstock ix connected with the Titanium Alloy Mfg Div 
National Lead Co 


two of the titanium steels met this specification, while 
two of the vanadium steels also failed to meet it after 
normalizing. 

The notch toughness is greatest in the low-titanium 
steels, and worst in the higher titanium unless they 
are normalized. Normalizing, however, did not im- 
prove the notch toughness of the higher vanadium 
steels. 

The weldability as indicated by the bend angle at 
maximum load with a notch at the weld, or by the type 
of weld-bend fracture, is consistently better for the 
titanium steels than for the vanadium steels. The 
weldability in each type of steel is improved by normal- 
izing, but only slightly in the lower titanium steels 
which have good weidability even as-rolled, or in the 
higher vanadium steels which were poorly weldable 
after normalizing as well as before. 

Thus, if good weldability is important, the titanium 
steels seem preferable to the vanadium in spite of 
With over 0.02367 tita- 
Normalizing 


their lower vield strength. 
nium, however, normalizing is essential. 
with lower titanium also gives a better combination 
of yield strength, notch toughness and = weldability 
than is exhibited in the as-rolled condition. 

The different response of the vanadium steels to 
normalizing, and their general tendency toward brittle- 
ness and higher strength, may logically be explained 
by the greater solubility of vanadium carbide, as com- 
pared with titanium carbide, in the steel at the tem- 
peratures involved in rolling, normalizing and welding. 
It has been shown before (Trans. A.S.M., 33, 328 
(1944), left side of Fig. 2) that whereas a marked 
increase in strength and decrease in ductility occurs in 
a vanadium steel when the normalizing temperature is 
raised from 1600 to 1750° F., 
titanium steel do not oecur until the normalizing tem- 


similar changes in a 
perature is raised above 1900° F. These changes are 
most reasonably explained by partial solution of the 
respective alloy carbides in the steel at the higher 
temperatures. In the paper on “Some Effects of 


Vanadium or titanium limits, % 
Carbon limits, % 
Manganese limits, 
No. of heats averaged 
Carbon, average % 
Manganese, average % 
Titanium, average % 


Cc 


Vanadium, average % 

Average Data on As-Rolled Specimens 
Yield strength, psi. 
Femperature of Ist sign of noteh brittleness, ° F. 
Noteh-bend angle at maximum load, not welded, 
Noteh-bend angle at maximum load, at weld, 

No. of Type A (ductile) weld-bend fractures, % 
No. of Type C (brittle) weld-bend fractures, % 
Average Data on Specimens Normalized at 1675° F. 

Yield strength, psi. 
Temperature of Ist sign of notch brittleness, ° F. 
Noteh-bend angle at maximum load, not welded, 
Notch-bend angle at maximum load, at weld, 
No. of Type A (ductile) weld-bend fractures, % 
No. of Type C (brittle) weld-bend fractures, % 


Ti Ti Vv 


0 007-0 023 0.04-0.09 0 026-0 O46 0 10-0.18 
0.11 22 0. 13-0 22 0.13 -0 23 0. 13-0. 22 
0.97 -1.48 0. 98-1. 52 0.92 -1.41 0.91-1.45 
15 14 12 18 
0. 176 0 171 0.172 0.158 
1.204 1 206 1.171 1.105 
0.014 0.035 
0.059 0.133 
46,600 53,200 51,670 57,000 
62 SM 137 123 
68.5 63.1 6005 56.4 
30 31.6 36.4 27.8 
60 rf 0 6 
7 29 17 39 
47,500 49,500 18,100 54,200 
39 5S 123 
71 65.4 69.7 60 
44.7 38 41 29.8 
87 50 100 12 
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Small Additions of Vanadium to Eutectoid Steel,” 
Zimmerman, Aborn and Bain, (Trans. A.S.M., 25, 755 
(1937)) indicated that vanadium carbide partially dis- 
solved at 1700° F., 
The first solution of titanium carbide is reported by 
Houdremont, Naumann and Schrader, however (‘‘Solu- 
bility of Titanium Carbide and Its Effect in the 
Hardening and Toughening of Steels,”’ Archiv. Eisen- 
huttenwesen, 16, 57 (1942)) to oceur at between 1830 
and 2000° F. in low-carbon steels. 


ora “somewhat lower temperature.” 


These data all support an explanation of the authors’ 
results based on a greater solubility of vanadium car- 
bide, as compared with titanium carbide, both in the 
as-rolled samples and after welding. The greater 
solubility, of course, would tend to strengthen the steel 
and reduce its notch toughness and weldability as 
determined by the tests used in this work. It may be 
noted also that the normalizing temperature used by 
the authors is very close to the temperature at which 
vanadium carbide is reported to be partially soluble. 
Thus, air-cooling from that temperature might natu- 
rally be expected not to permit the alloy carbide to 
come out of solution so completely, with resulting im- 


provement in weldability, in the vanadium steels as in 
the titanium steels where the alloy carbide is not soluble 
below 1800° F. This is quite well confirmed by the 
authors’ chemical data on solubilities. 

Another factor which may enter into the true ex- 
planation of these results is the stabilization of nitro- 
gen. The authors’ data show clearly that nitrogen 
is stabilized by titanium much more effectively than 
by vanadium. It is also well known that the stability 
of titanium nitride far exceeds that of vanadium nitride 
as indicated by the free energy of formation at steel- 
making temperatures (“‘Thermodynamie Properties of 
Metal Carbides and Nitrides,’ K. K. Kelly, U.S. Bur. 
of Mines Bulletin 407). Thus, any hardening or em- 
brittling effect of the soluble nitrogen in these steels 
would undoubtedly be corrected more effectively by 
titanium than by vanadium. There is so much 
less nitrogen than carbon present, however, that the 
main factor in the differences in mechanical properties 
brought out by the authors’ work would seem most 
probably to be the different solubilities of the carbides 
rather than of the nitrides. 


by W. A. Andrews 


HE increasing interest in the possibilities of de- 

signing a structure to ultimate strength will neces- 

sitate an increase in the number of section proper- 

ties listed in any handbook. Given a certain bend- 
ing moment, it is desirable to know the stress; and if 
the stress is above the yield point, it is desirable to know 
not only its value, but also the strain which simul- 
taneously exists. The total strain might or might not 
render prohibitive the use of the chosen section. For 
the plastic range an equivalent section modulus, S’, 
will replace section modulus, S. 

The method of analysis here used is purely mathe- 
matical. Given a beam of constant cross section, 
loaded normal to the major principal axis, and stressed 
apparently beyond the yield point, assume that a sec- 
tion, plane before bending, remains plane after bending. 
The stress-strain curve for an ideal mild structural steel 
having a vield point of 37,000 psi., at a specified 0.2¢; 
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Plastic Bending of Wide Flange Beams 


® The possibilities of utilizing the strength of structural 
members beyond the 


Plastic Bending Beams 


elastic range are covered mathematically 


strain offset drawn parallel to the constant slope part of 
the £ curve, and having an ultimate strength of about 
63,000 psi., is used as a basis for the computations, 
Several wide flange beams of varying proportions were 
picked at random and investigated at several points 
in the plastie range of the stress-strain curve. 

The procedure for developing the resisting moment 
of a section is as follows. Assume a strain at the outer 
fiber. From the stress-strain curve the corresponding 
stress is observed. Divide the cross section into several 
s proportional to its 


small areas, dA. The strain 
distance from the neutral axis and can be thus deter- 
The stress for each particular 
Then 


mined at each @A area 
strain is obtained from the stress-strain curve. 
the resisting moment corresponding to the maximum 
fiber stress equals the sum of the dA resisting moments 
of the entire cross section about the neutral axis. Check 
of the accuracy of the method can be made by inves- 
tigating the region below the proportional limit where 
the stress distribution is known. 

Such a procedure could be followed for any beam, but 
it is desirable to reduce this work to a minimum. The 
exact stress distribution curves approximate distorted 
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parabolas, the worst distortion being in the region of 
smallest moment resistance, i.e., near the neutral axis. 
Hence the distribution shown in the figure was assumed, 
to be modified by a factor if necessary. Neglecting the 
effect of fillets and rounded corners, the maximum 
fiber stress is assumed constant through the thickness of 
the flange and then varies parabolically to zero at the 
neutral axis. The resisting moment of the component 
forces is calculated about the neutral axis. It was found 
by applying a factor of 1.01 to the derived S’, that an 
accuracy of +1%% is obtained for any portion of the 
plastic range. This correction factor takes care of the 
neglect of fillets, rounded corners and the accuracy of 
of the calculations compared to exact solutions. 
S’ = 1.01 [t,b(d — t,) + 0.21 t.(d — 

Where S’ = equivalent section modulus 


t, = flange thickness 

d = over-all depth 

t, = web thickness 

b = flange width 

f = maximum fiber stress 


ASSUMED STRESS DISTRIBUTION 


Example: A 1OWF49 has an external bending mo- 
ment at a certain section equal to 3300 in.-kips. What 


is the maximum bending stress at this section? 


t, = 0.558 in., b = 10 in., d = 10 in., t, = 0.34 in. 


From which S’ =58.85 in.* 


f = 3,300,000 + 58.85 = 56,075 psi. 


From the stress-strain curve, ¢=0.10 in. per inch. 

Upon completion of the foregoing analysis the writer 
was shown a reprint of an article by W. William Luxion 
and Bruce C. Johnston, in the Welding Research Sup- 
plement of November 1948, entitled ‘Plastic Behavior 
of Wide Flange Beams."’ The article describes the 
results of extensive and carefully conducted tests, from 
which observations a similar equivalent section mod- 
ulus, Z, is derived. A formula for Z is shown on page 
16 of the reprint. Using the SWF67 shown on page 4 
of the article, and increasing the calculation for Z by 
the 1°, “safe’’ safety factor described on page 16 of 
that article: 


Z = 1.01 (69.69) = 70.4 in.’ 


From the formula for S’, there is correspondingly ob- 
tained 


S’ = 70.9 


Comparison of the two results would seem to indicate 
an independent check upon the results of the tests, and 
perhaps the desirability of carrying the tests further 
into the plastic range to obtain more accurate informa- 


tion upon such matters as the effect of deflection, types 


of end restraint and other problems which would in- 


terest the engineer. 


The Basic Theory of Vessel Heads 
Under Internal Pressure 


by G. W. Watts and W. R. Burrows 


The Design Division of the Pressure Vessel Research 
Committee of the Welding Research Council has under 
study the computations of theoretical stresses at and 
near junctures of pressure vessel heads and shells. The 
apparent inaccuracy of existing approximate methods, 
notably their prediction of zero axial moment at the 
shell juncture with curved heads, has indicated the 
necessity of employing more accurate methods. One of 
these is the Love-Meissner theory which is described 
and applied in A.S.M.E. Paper No. 47-A-153, “The 
Basie Elastic Theory of Vessel Heads Under Internal 
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Pressure,” by G. W. Watts and W. R. Burrows, both 
members of the Pressure Vessel Research Committee. 
This paper was published in A.S.M.E. Journal of 
Applied Mechanics, 16, No. 1, 55 (March 1949). 

The abstract of this paper follows: ‘Means are out- 
lined for calculating internal pressure stresses and defor- 
mations at or near the junctures of semi-infinite eylin- 
drical vessel shells with hemispherical heads, ellipsoidal 


heads, toriconical heads, torispherical heads, conical 


heads and flat heads. The accurate Love analysis is 
used in this development. A system of dimensionless 
variables is proposed for each head shape to define the 
changes in that shape and the changes in the relative 
thicknesses of the heads and cylinders. Ways are de- 
vised to show the critical head stresses in terms of these 
dimensionless variables either by graphs or by tabula- 
tions. The fundamental theory is sufficiently described 
to indicate how all results are derived.” 

This paper was written in 1947. Much of the work 
has been subsequently improved and amplified by the 
Design Division of the Pressure Vessels Research Com- 
mittee. However, the paper serves as an adequate 
background for all extensions presently devised. 
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® This report deals with the usefulness of the notched- 


‘arbon-Manganese Steels 


bead slow-bend test for measuring the weldability of steels 


by R. D. Williams, D. B. Roach, 
D.C. Martin and C. B. Voldrich 


INTRODUCTION 


INCE 1944, an investigation on the weldability of 

carbon-manganese steels has been conducted 

Battelle Memorial Institute for the Weldability 

Committee of the Welding Research Council. The 
two main objectives of the project have been: (1) to 
evaluate the usefulness of the notched-bead slow-bend 
tests for measuring the weldability of steels, and (2) to 
evaluate the influence of carbon and manganese on 
weldability. The present report deals with specific 
points of the investigation, leaving the over-all con- 
clusions to the summary report on the entire investiga- 
tion of carbon-manganese steels by C. B. Voldrich and 
E. Harder.! 

Five previous reports on this investigation have de- 
scribed pilot tests to determine techniques to be used in 
the notched-bead, slow-bend weldability test; results 
of extensive notched-bead slow-bend tests on the six- 
teen original project steels; differences between fine- 
and coarse-grained steels of the same chemical composi- 
tion; and a preliminary study of the underbead crack 
sensitivity of the steels. The pertinent material from 
these reports has already been published.?* The 
present paper embodies the work described in two later 
unpublished reports, dated August 15, and December 
15, 1947. 

In the paper by Voldrich, Martin and Harder,’ it 
was shown that, in general, bend-test data for speci- 
mens of different thicknesses could not be directly com- 
pared, apparently owing to the lack of proportionality of 
specimen and testing-jig dimensions. The Steering 
subcommittee therefore requested that tests be made to 
study the influence of proportionality of specimens and 
testing-jig dimensions and of welding heat input on the 
performance of the bend specimen. Data from notched- 
bar tests, accumulated by numerous investigators, have 
shown that the behavior of notched specimens cannot 
be expected to be directly proportional to their geo- 
metrical dimensions and the dimensions of the testing 
fixtures. However, it was thought that for steels of a 
generally similar type, an approach to proportionality 
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and the influence of carbon and manganese in weldability 
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might be obtained—sufficiently close, so that recognized 
discrepancies would not vitiate the results. 

The same paper*® also presented data on the relative 
bend ducetilities of coarse- and fine-grained steels which 
indicated that the usual concepts of the influence of 
grain size on hardenability may not always apply im 
welding. The August 15, 1947, report presented the 
results of the hardenability and martensite transformae 
tion studies on these steels. At the time that this re- 
port was written, it was decided to check the hardenae 
bility results with another set of end-quench hardenae 
bility specimens. It was also suggested by the Steer 
ing subcommittee that the relative hardenabilities be 
examined using a test for shallow-hardening steels, anda 
test in which the steels would be subjected to a rapid 
heating and cooling cycle. 

The August 15, 1947, report also described a test for 
the quantitative evaluation of underbead cracking, and 
the results of crack-sensitivity tests on the project steels 
welded at room temperature. In continuation of the 
underbead-cracking studies, it was decided to investi- 
gate the effects of preheat temperatures and different 
types of electrodes on the cracking of the steels. 

The December 15, 1947, report included the results 
of studies of the effect of proportionality in the notched- 
bead slow-bend test; further studies of the influence of 
steel grain size by means of hardenability tests; results 
of crack-sensitivity tests at preheats of 150 and 225° F.; 
effects of various types of electrodes on the underbead- 
cracking tendency of selected project steels and meas- 
urement of the cooling rates obtained during welding of 
the crack-sensitivity specimens. This paper is based 
primarily on the latter report, but includes the essential 
data from the August 15, 1947, report. 


SUMMARY 
Studies of the Influence of Grain Size 


Notched-bead slow-bend tests of the coarse- and fine- 
grained steels, 2HC and 2HF,* showed that both of 
them had the same bend ductility. However, the 
bend angles, for all heat inputs, were markedly higher 
than for other steels of comparable carbon equivalent, 
and it is doubtful that the influence of grain size is per- 
ceptible at the high bend-angle level. 


* Analyses of all project steels in Table 1 


31 


Table 1—Chemical Composition of Test Steels 


Carbon 
Fquivalent 
Chemical Compositi Pe t 3 
Steel = Mn Si Me Quaid-Ehn 
Type 4) Si P Cu Ni Cran 4 4 Grain Size 


0.42 0.027 ° 0.32 
0.43 0.048 0.035 0.017 0.02 0.02 0.02 0.34 
0.38 0.16 0.035 0.013 0.21 0.13 0.02 0.38 
2R 0.30 0.49 Trace 0.038 0.012 0.28 0.18 0.05 0.42 
2s 0.29 O.56 0.036 0.035 0.014 0.02 0.03 0.01 0.44 bE 
2c 0.30 0.64 0.20 0.036 0.012 0.14 0.07 0.05 0.5! 2 To 4 
2F 0.29 0.77 0.20 0.040 0.035 0.22 0.13 0.04 0.53 5 To 8 
2E 0.28 0.69 0.24 0.022 0.017 0.51 2T04 
2x 0.28 0.68 0.30 0.039 0.026 0.10 0.01 0.02 0.53 e 
2HC 0.18 0.70 0.23 0.034 0.023 0.006 0.41 1 To 4 
2HF 0.17. 0.70 0.23 0.033. 0.021 0.050 5 To 7 
3c 0.30 0.94 0.12 0.025 0.024 0.10 5 0.10 0.57 2 To 4 
3F 0.36 0.88 0.21 0.030 0.019 0.23 0.10 TRACE 0.63 5 To 8 
0.34 1.16 0.29 0.039 0.019 0.68 2 To 4 
3x 0.31 1.00 0.54 0.022 0.35 0.05 0.16 0.03 0.70 
1.51 0.23 0.032 0.016 0.22 0.10 0.05 0.76 5 To 8 
1.61 0.29 0.036 0.027 0.81 2 To 4 
1.55 0.41 0.038 0.055 Trace 0.06 0.15 0.80 


(1) K-Rimmed HC-Coarse grained 
S-Semi-killed i -Fine Grained 
(-Coarse grained HF-Fine Grained 


Tests to determine the tmperature range of Martens- 
ite formation (VW, and Me, temperatures) of three pairs 
ef coarse- and fine-graind steels were undertaken, but 
have been discontinued. The preliminary heat-treat- 
ment tests showed that it was impossible to obtain 
sufficiently rapid quenching rates for the steel composi- 
tions tested to prevent .the formation of transformation 
products other than martensite. Consequently, the ./, 
and MW, temperatures could not be determined. 

Standard end-quench hardenability tests on selected 
pairs of fine- and coarse-grained steels were made using 
austenitizing temperatures of Ac; + 100° F., and 2100° 
F. Test results showed that when quenched from 2100° 
F., steels 2F and 3F had higher hardenability than steels 
2C and 3C. Check tests on steels 2C and 2F sub- 
stantiated the initial results. 

Modified cone hardenability specimens of steels 2HC, 
2HF, 2C and 2F were quenched from austenitizing 
temperatures of Ac; + 100° F., and 2100° F. Results 
showed all specimens quenched from 2100° F. to be 
completely hardened, while those quenched from Ae; + 
160° F. showed a gradual hardness gradient from the 
hard to the soft end. It was concluded that the test 
Was not applicable to the steels tested, because, for the 
size of specimen and austenitizing temperatures used, 
there was no positive discrimination between the 
hardenabilities of the coarse- and fine-grained steels. 


Proportionality Tests 


Notched-bead slow-bend specimens of Steel 2HF 
and a Manten steel were made, using a jig with a vari- 
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E-Experimental (2) Not known whether ac id- 
\-Cast soluble or total aluminum. 


able span and variable-diameter support rolls, in an 
attempt to eliminate the effect of plate thickness during 
the bend test. The widths of the specimens, the bend- 


ing jig dimensions, and the welding heat inputs were 


made proportional to the plate thicknesses. The re- 
sults indicated that at least for the hardenable steel 
(Manten) the ductility of one thickness of specimen 
could not be consistently predicted from the results of 


tests on another thickness in which the specimen width, 


bending span, support-roll diameter, and welding heat 


input were varied proportionally. 


Crack-Sensitivity Tests 


Crack-sensitivity tests were made on all the steels at 


room temperature and at 150 and 225° F. preheat 


levels. Crack-sensitivity tests were also made on three 
selected steels using A.W.S. Class E6010, E6015 and 
6020 electrodes at room temperature. The relative 
cracking tendencies of the steels at the three tempera- 


tures were determined, and the results compared with 
the carbon equivalent (C + Mn 4 + Si/4) and with 
bend ductilities previously reported. The results may 


be summarized as follows: 


At room temperature: 
1. The average amount of cracking varied from 


none, in the Type 1 rolled steels, steels 
2HC and 2HF, and the Type 2 cast steel; 
to very severe in the Type 4 steels and 
some of the Type 3 steels. 
2. Considering the rolled and cast steels sepa- 
rately, the relation between crack sensi- 
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tivity and chemical composition was very 
good. The east steels cracked much less 
than rolled steels of comparable carbon 
equivalent C + Mn 4 + Si 4 

3. The difference in grain size of steels 2C and 
2F (which have nearly the same chemical 
composition) apparently did not affect 
crack sensitivity of these two steels. 

4. There was a good correlation between under- 
bead ductility, as indicated by the notched- 
bead bend test and underbead cracking. 
Steels with high-bend angles had low- 
cracking tendencies, and steels with low- 
bend angles cracked severely 

5. The cast steels showed much less bend duc- 


tility for a given crack-sensitivity level 
than the rolled steels. 


150° F. 

6. For all steels, the average amount of cracking 
decreased considerably as compared with 
the cracking at room temperature. 

There was an appreciable difference in the 


eracking behavior of steels 2C and 2F 
which have similar chemical compositions, 
but a coarse- and fine-MeQuaid-Ehn grain 
size, respectively. At the 150° F. initial- 
plate temperature, Steel 2C cracked an 
average of 35°7, and Steel 2F an average of 


57°). [Both steels behaved the same in 

the room-temperature tests (74 and 73 

cracking) and the 225° F. preheat tests 
(0 and cracking). | 

8. Considering the rolled and east steels sepa- 
rately, the relation between crack sensitivity 
and chemical composition was very good. 
The cast steels cracked much less than 
rolled steels of comparable carbon equiva- 
lent (C + Mn 4 + Si/4). 
mental rolled steels showed less eracking 


The experi- 


for a given carbon equivalent than the 
commercial steels. 

9. There was a good correlation between under- 
bead ductility, as indicated by the notched- 
bead slow-bend test and underbead crack- 
ing; steels with greater ductility had less 
cracking. 

10. The east steels showed far less cracking for a 
given bend angle than the rolled steels. 
The experimental rolled steels showed less 
cracking for a given bend angle than the 
commercial rolled steels. 


At 225° F. 

11. The cracking tendency had further decreased 
and only the Type 4 rolled steels showed 
any appreciable cracking. 

12. Again the relation between the crack sensi- 
tivity and carbon equivalent was good. 
Also, the relation between the bend duc- 
tility and crack sensitivity was good. The 
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experimental rolled steels (2s in the 150° F. 

preheat) showed less cracking for a given 

carbon equivalent and for a given bend 

angle than the commercial rolled steels. 

With various electrodes (at room temperature 

13. Specimens welded with E6015 (low hydrogen) 

electrodes showed no cracking, while those 
welded with E6020 electrodes showed con- 
siderably less cracking than those welded 
with £6010 electrodes at approximately the 
same heat input. 


Cooling rate measurements. The fusion-line cooling 
rates were determined from one representative cooling 
curve for each welding condition. 


TEST STEELS 


The steels used in this investigation are the 18 ear- 
bon-manganese steels used in previous tests. The 
chemical compositions of the steels (all in the 1-in. 
thickness) are given in Table 1. 


INFLUENCE OF GRAIN SIZE 


Votched-Bead Slow-Bend Tests of Steels 2HC and 
2HF 


The relative notehed-bead bend-test behavior of 
coarse- and fine-grained steels of substantially the same 
composition has been reported by Voldrich, Martin and 
Harder.* The results of a special study of steels 2C 
and 2F gave no explanation for the finding that the , 
coarse-grained steels had generally higher bend angles 
than fine grained, contrary to the accepted hardenability 
theories. As there were some differences in the amounts 
of minor elements (e.g., copper) in the two steels, two 
additional steels, 2HC and 2HF, were obtained. These 
had practically identical chemical compositions, except 
for aluminum, and were coarse- and fine-grained, re- 
spectively. 

Notched-bead slow-bend tests were made according 
to the procedure described in the above reference.* 
It was found that the two steels had essentially the same 
bend ductility. This bend ductility was high—higher 
than for steels 1C and 2R of like carbon equivalent, and 
as high as for steels 1R and 18 of much lower carbon 
equivalent. 

The lack of any significant difference in the bend 
angles of steels 2HC and 2HF suggested that grain size 
had little influence on the weldability of steels with so 
low a carbon content. 


M, and M;* Temperature Determinations 


In the earlier paper,’ test results were discussed which 
led to an investigation of the temperature range of 


* M, is the temperature at which transformation to martensite begins 
My is the temperature at which transformation to martensite is completed 
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martensite formation for the coarse- and fine-grained 
steels, 2C and 2F, and 2HC and 2HF. 

The usual test procedure for determining M, and M, 
temperatures was followed using specimens of Steel 2C: 

1. Small specimens ' js and !/ in. thick, '/4 in 
wide and 1 in. long were austenitized at 1650° F. 

2. The specimens were quenched to various tem- 
peratures within the Martensite formation range sug- 
gested by A. R. Grange and H. M. Stewart*—-700° F. 
and below—and held from 5-10 seconds. These times 
were supposed to be long enough to permit formation of 
martensite, but not long enough to permit formation of 
other transformation products. 

3. The specimens were then tempered at 1230 to 
1270° F. for a time short enough—about five seconds- 
to prevent the formation of transformation products, 
and finally quenched in iced brine. 

Three automatically controlled lead baths were used 
in the tests. 

It was found that the '/j-in. specimens would not 
cool from the austenitizing temperature quickly enough 
to prevent the formation of high-temperature transfor- 
mation products. A series of cooling-rate tests showed 
that for the quenching rate attainable a structure con- 
taining 50°% or more of pearlite and bainite might be 
expected. To get higher cooling rates, a series of tests 
with specimens was made, but the mixed strue- 
ture persisted. 

The tests indicated that the critical cooling rate for 
the 2C steel could not be obtained. The chances of 
obtaining it for steels ZF, 2HC and 2HF were more re- 
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Fig. 1 Check hardness surveys on jominy bars of steels 
2€ and 2k quenched from 1600 and 2100° F. 
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mote because of the finer grain structure of 2F and the 
lower carbon content of the 2H steels. The M, and M, 
temperature tests were therefore discontinued. 


HARDENABILITY STUDIES 


It was reported in the Aug. 15, 1947, report that the 
two fine-grained steels (2F and 3F) gave a deeper hard- 
ened zone in the end-quench hardenability test than 
the two corresponding coarse-grained steels (2C and 3C) 
when quenched from 2100° F. This explained the 
greater ductility in the notched-bead slow-bend test of 
the coarse-grained steels as compared to the correspond- 
ing fine-grained steels. At that time, it was decided to 
check these results with steels 2F and 2C. 
decided to investigate the hardenability by means of a 
test for shallow-hardening steels, in order to include the 
hardenabilities of steels 2HC and 2HF in this analysis. 
The original Jominy tests had shown the latter to be too 
shallow hardening for accurate evaluation by Jominy 
tests. 


It was also 


Jominy Hardenability 


Test Method. Standard end-quench hardenability 
specimens were quenched in a conventional quenching 
fixture, the quenching-water temperature being about 
75° F. 
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Fig. 2 Original hardness surveys on jominy bars of steels 


2C and 2F quenched from 1600 and 2100 
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Test Results. The hardenabilities of steels 2F and 2C 
were compared by the curves for hardness vs. distance 
from quenched end. These hardness curves are given 
in Fig. 1. The hardness curves for these two steels, 
from the earlier work, are shown in Fig. 2 for eompari- 
son. 

The curves showed that when quenched from 1600° 
F. Steel 2C was slightly deeper hardening than Steel 2F. 
However, when quenched from 2100° F. Steel 2F was 
considerably deeper hardening than Steel 2C. These 
results checked the previous hardenability findings, 
offering a probable explanation of the greater bend duc- 
tility of Steel 2C reported earlier.* 


Cone Hardenability 


Steels 2HC and 2HF are too shallow hardening for 
use of the standard Jominy bar, and steels 2F and 2C 
are close to the lower limit of hardenability for use of 
this bar. For this reason, it was decided to investi- 
gate the hardenability aspects of these steels with a test 
for shallow-hardening steels, such as: (1) the cone 
specimen, and (2) the wedge specimen. Of these two 
tests, the cone specimen appeared to be the simpler 
from the standpoint of machining, and equally aceu- 
rate. It was accordingly used in this investigation. 

Test Method. The standard cone specimen is 5 in. 
long with end diameters of 1! 4 and '/,in. Since only 
1-in.-thick steel plate was available, it was necessary to 
reduce the length of the cone to 3° 4 in. and the diam- 
eter of the large base to lin. Figure 3 shows the speci- 
men details. The cone specimens were machined from 
ends of bent notched-bead slow-bend specimens of 1-in. 
normalized plate. 

One set of specimens from Steels 2HF, 2HC, 2F and 
2C was austenitized for 45 min. at 1600° F. in a con- 
trolled-atmosphere furnace and quenched in a special 
quenching fixture, consisting of a 3-in. flush pipe having 
a ' >in. free flow of water at the open end. The tem- 
perature of the water was about 75° F. The specimens 
were suspended in the flush pipe as shown in Fig. 3 and 
held for 9 min. 

Another series of specimens was austenitized for 45 
min. at 2100° F., and then quenched in the same man- 
ner. 

After quenching, the specimens were surface ground 
to the axis of the cone, and deep etched for 3 min. in a 
50-50 solution of hydrochloic acid and water at 175° F. 
to reveal the hardened zone. 

Test Results. This standard etching procedure failed 
completely to reveal the depth of hardening. Rock- 
well “C” hardness surveys were then taken down the 
center line of the cone. These hardness surveys showed 
all steels quenched from 2100° F. to be more than 50° 
martensitic at the softest spot on this center line. The 
specimens quenched from 1600° F. showed a very grad- 
ual decrease in hardness on the axis from the small 
base to the large base. 

These results showed that the modified cone speci- 
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mens could not be used to measure the relative hardena- 
bilities of the steels tested, for austenitizing tempera- 
tures of 1600 and 2100° F. 


PROPORTIONALITY STUDIES 


Voldrich, Martin and Harder* described a study of 
the use of the notched-bead slow-bend test as a means 
of evaluating the relative weldabilities of the 16 project 
steels. Consistent correlation between the results from 
tests of different thicknesses of the same steel could not 
be found. 

The Steering subcommittee thought that by varying 
the length of span, the specimen width and diameter of 
support rolls in proportion to the thickness of the speci- 
mens, results might be obtained which would indicate 
that it would be possible to predict the bend ductility 
of a given thickness of steel from bend-test results from 
some other thickness. The Steering subcommittee 
authorized a test program in which two selected steels 
would be tested under these conditions of propor- 
tionality. One series of tests was to be made with the 
heat input proportional to the plate thickness, and an- 
other series was to be made with a constant welding heat 
input. A few tests were also to be made to determine 
the effect of the width of the specimens on bend duc- 
tility. 

For all specimens, the notch depth was tc be held con- 
stant in order to insure that the noteh would be above 
the fusion line of the welded specimens. 


a Top~\ 
\ 


Details of Cone Specimen 


Direction of Fiow 


Fig. 3 Details of cone-quenching jig 
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Test Procedure 


Test Conditions. The schedule of proportionality 
tests was given in the Aug. 15, 1947, report and is re- 


peated below: 


Heat input 


Plate Specimen Length Diameter — in welding 
thickness, width, of span, of support cycle, joules 
in. in. in. rolls, in. per inch 
l 3 3 50,000 
” 3 50,000 
68, 2' 37,500 
1! 1! 50,000 
1 25,000 
1! 1 50,000 


Materials Used. One soft steel (2HF) and one hard 
steel (Manten) were selected to study the effects of 
varying the bending dimensions in the notched-bead 
slow-bend test. These steels were selected because 2HF 
Was representative of steels having a high-bend duc- 
tility and the Manten was representative of steels hav- 
ing a low duetility (the latter would fall between the 
Type 3 and Type 4 rolled steels). These steels had the 
following analyses: 


Element, 
Steel 4 Mn AY) P 1/ 
2HF 17 0.70 0.23 0.033 0.021 0.05 
Manten 025 1.49 004 0.033 0.013 


Plate Preparation. Plates, 6x 12 and 8 x 12 in., were 
flame cut from 36- x 72-in. plates of each steel, and nor- 
malized. The plates to be welded in the 1-in. thickness 
were grit blasted prior to welding. The plates to be 
welded in the and * ,-in. thicknesses were machined 
from the 1l-in. plate by cleaning the surface to be welded 
with a shallow shaper cut (approximately ?/;.-in. deep), 
then reducing the thickness by shaping from the oppo- 
site side. 

All plates were welded with */y-in. A.W.S. Class 
£6010 electrodes, using a 400-amp. d.-c. welding 
machine, and an automatic stick-feed welding head. 
Esterline-Angus recording meters were used to obtain a 
record of each welding evele. All specimens were 
welded with 180 amp. and 26 are volts, using reversed 
polarity (electrode positive). The speed of travel 
governed the heat input: 50,000 joules per inch at 5.6 
in. per minute, 37,500 joules per inch at 7.6 in. per 
minute and 25,000 joules per inch at 11.2 in. per minute. 
Appendix Table Al gives all pertinent welding data for 
each plate welded. 

After welding, the specimens 
were set on end, allowed to cool in still air, and then 
aged for 24 hr. at 212° F. They were then cut with a 
power hack saw and notched to a depth of * 65 in. below 
the plate surface with a milling cutter having a ! j»-in. 
Two specimens were cut from each weldment. 


Specimen Preparation. 


radius. 
The specimen nearest the start of the weld was lettered 
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Fig. 4 Bending dimensions for proportionality study 
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“A” and the one nearest the crater was lettered “B.” 
A pair of unwelded specimens was cut and notched to 
the same dimensions as each pair of welded specimens. 

Specimen Testing. A special bending jig was con- 
structed so that the length of span and diameter of sup- 
port rolls could be varied. A plunger was constructed 
with a '/,-in. radius.* The maximum width of speci- 
men that could be tested in this jig was 4 in. 

The specimens were bent in an Amsler testing ma- 
chine with an attached load-deflection recorder. All 
specimens were bent with constant ram speed. The 
temperature of testing was approximately 76° F. (room 
temperature ). 

Figure 4 shows schematically the method of testing. 


Test Results 


Tables 2 to 6 give a brief summary of results of bend 
tests on Steels 2HF and the Manten steel. 
Detailed data 


These re- 
sults are shown graphically in Fig. 5. 
are given in Appendix Table A2. 

Table 2 shows that for the 


unwelded notched specimens, with width and testing- 


Unwelded Specimens 


jig dimensions proportional to the plate thickness, 
there is a perceptible decrease in bend duetility (bend 
angle at maximum load) as the plate thickness in- 
creases. The trend is more evident in the tests of the 
stronger Manten steel. 

Experimental error probably contributes to the dif- 
ferences observed in the bend angles for the specimens 
of various thicknesses. Solely on the basis of the tests 
of unwelded specimens, it might be concluded that since 
the observed differences are so small, the proportionality 


However, in similar tests 


procedure is satisfactory. 


Table 2—Effect of Proportionality of Specimen and 
Bending-Jig Dimensions on Bend Angle of Unwelded 
Spe 


Bend Angle 


at marimum 


Specimen Span, Roll load, 
Thickness, width, W, S, diameter, Steel Manten 
T. in im D, in 29HF steel 
4! 67,69 63,64 
‘ 63/4 2'/4 67,67 51,52 
3 62,62 54,56 


Table 3—Effect of Specimen Width on Bend Angle of 
nwelded Specimens 


Bend angle 


Specimen Span, Roll at marimum 
Thickness, width, W, S, diameter, load, 

Steel Manten 

wn in mn dD, an PHF steel 

1 67,69 63, 64 

3 I! 59,59 49,52 

l ] 9 3 62,62 56,58 

l 3 9 3 62,62 54,56 


radius of the plunger has no effect on the results of the notched 

test (Jackson, C. I and Luther, G. G The Bead Weld 
t for Weldability,”” Tae Wetpine Journat, 22 (10), Research 
535-8 (1944)), it was decided to make the plunger radius ' 4 
Phis small radius concentrated the bending at the notch 
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Table 4—Effect of Proportionality in Specimen and 
Bending-Jig Dimensions and Heat Input, on Bend Angle 
of Welded Specimens 
All Factors Proportional to Plate Thickness* 


specimen, 


Thick- Roll Heat Bend bend 
ness, Width, Span, diam- input, angle angle 

1 > S, eter, joules at maz at mar 
in. in. in D, in per inch load, load, 

Steel 2HI 

l 25,000 55 67, 69 

‘ 2'/4 63/5 2 37,500 7 67, 67 

l 3 9 3 50,000 a 62, 62 

Manten steel 

l 4 l 25,000 15, 19 63, 64 

2 2 37,500 13, 13 51, 52 

1 3 +) 3 50,000 12,13 4, 56 


* Notch dimensions and notch depth were constant for all tests. 


Table 5—Effect of Proportionality in Specimen and 
Bending-Jig Dimensions and Heat Input, on Bend Angle 
of Welded Specimens 
All Factors Proportional to Plate Thickness Except Heat Input, 
Which Was Constant * 


Unwelded 


specimen, 


Thick- Roll Heat Bend bend 
ness, Width, Span, diam- input, angle angle 
ig W, S, eter, joules at mar at mas. 
in, in. In D, in. — per inch load, load, 
Steel 2HF 
50,000 55 67, 69 
63/4 2 50,000 59, 62 67, 67 
l 3 9 3 50,000 54, 56 62, 62 
Manten steel 
41/, 50,000 16,49 63, 64 
‘ 21/5 = 6/4 2 50,000 13, 14 51, 52 
1 3 9 3 50,000 12, 13 4, 56 


* Notch dimensions and notch depth were constant for all tests. 


Table 6—Weld-Zone Dimensions for Manten Steel (1) 

Heat Input, 

wth pth 


Joules Per P 
Inch Inch Inc Tt T 


__ Vlate Thickness 
Total At Notch, 
T, Inch T 


Heat Input Proportional To T 


1/2 45 25,000 -06 10 -26 +32 
3/4 270 37 ,500 «10 .05 elt -28 
1 50,000 .05 at? 19 23 


Heat Input Constant 


50,000 18 
/ 70 50,000 


(1) Manten steel was selected because the limits for the differ- 
ent zones were more clearly evident on macro-etched sections, 
due to the greater alloy content (hardenability) . 
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Limit of Ubserved lleat- 
affected Zone 


317-s 


— 
: 
| 
= 
| 
T | =" 
| 1,| 
* Since the 
bead slow-her | 
Nick Bend T 
Suppl., 523-s 
in. for all test a 


with welded specimens of the more hardenable (Man- 
ten) steel, described below, the difference in bend angle 
for specimens of different thicknesses is appreciable (in 
view of the relatively small bend angles observed), and 
there may be some doubt that the proportionality tech- 
nique completely effaces the factor of plate thickness. 

It will be remembered that the notch depth was kept 
constant at */¢, in. for all plate thicknesses, because 
greater depths could not be used, in the thicker welded 
plate, without penetration beyond the fusion line into 
the heat-affected zone. It is possible that this accounts 
in some measure for the small bend angle in the thicker 
plates. 

Table 3 shows the influence of plate width on bend 
angle of the unwelded specimens. For the !/:-in. thick 
specimens, doubling the width from 3T to 6T produced a 
marked decrease in the bend angle at maximum load 
(about 13°7 for Steel 2HF, and about 20°% for Manten). 
The 1-in. thick specimens showed no similar decrease in 
bend angle, but it will be noted that the change in 
width was only from 1'/:T to 3T. Perhaps a decrease 
in bend angle would have been obtained for specimens 
6 in. wide, though from past work on notched specimens 
proportionality of results is not to be expected. 

Welded Specimens—Dimensions and Heat Input Pro- 
portional to Plate Thickness. Table 4 and the upper 
half of Fig. 5 show the results of bend tests on welded 
specimens, in which the specimen and_ bending-jig 
dimensions and the heat input were proportional to the 
plate thickness (the notch dimensions and depth were 
constant, as shown in Fig. 4). 

For the soft steel, 2HF, the bend angle at maximum 
load was the same (54 to 57°) for the three plate thick- 
nesses. This indicated that the desired condition —the 
same bend-ductility response in all specimens—had 
been attained by using the proportionality procedure. 

For the more hardenable steel, Manten, there was an 
appreciable decrease in bend angle as the plate thick- 
ness increased. In degrees, this decrease is only about 
5° (comparing ' »- and 1-in. plates), but percentage wise 
the decrease is about 30°07. Neglecting the possible 
experimental error, this difference would indicate that 
the influence of plate thickness on the behavior of the 
bend specimens cannot be entirely effaced simply by 
proportioning the specimen and jig dimensions and the 
joules-per-inch heat input. 

Perhaps additional tests are desirable in which the 
notch depth is also proportioned, and in which the 
cooling rate, rather than the joules-per-inch heat input, 
is kept proportional to plate thickness. It has been 
shown in other investigations by Hess, Merrill, Nippes 
and Bunk? and by C. E. Jackson* that the cooling rates 
for '/:-, */4- and 1-in. plate are not the same when the 
heat inputs are increased in proportion to the plate 
thickness by adjusting a single welding factor such as 
welding speed. In the present tests, it was found that 
even though the heat inputs were proportioned to the 
plate thicknesses, the depth of the heat-affected zone 


* Private communication, 
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Was not constant, at least for the more hardenable of the 
two steels tested. This is shown in the upper half of 
Table 6; for the '/.-in. Manten plate, the heat-affected 
zone (that was revealed by a deep hydrochloric-acid 
etch) penetrated about '/; of the plate thickness; whereas 
in the l-in. Manten plate welded with twice the heat 
input, the heat-affected zone penetrated only about 
one-fourth of the plate thickness. Probably true pro- 
portionality of hardness gradient, and area and depth of 
heat-affected zone, are not necessary to the test, but in 
view of the variations in results obtained for the 
Manten steel, this would have to be confirmed by ex- 
periment. 

Dimensions Proportional to Plate Thickness, Heat In- 
put Constant. Table 5 and the lower half of Fig. 5 show 
the results of bend tests on welded specimens, in which 
the specimen and bending-jig dimensions were propor- 
tional to the plate thickness, and the heat input during 
welding was constant at 50,000 joules per inch (as be- 
fore, the notch dimensions were the same for all plate 
thicknesses). 

For the soft steel, 2HF, the bend angle was approxi- 
mately the same for all thicknesses. The conclusion is 
that this steel has such a mild response to the welding 
conditions used that the cooling-rate differences in the 
three thicknesses welded did not produce sufficiently 
different heat effects to influence the bending behavior 
of the specimens. Possibly a much lower heat input 
(say 25,000 joules per inch, for all thicknesses) might 
produce a heat-affected zone, in the 1-in. plate at least, 
which would cause it to fail at a lower bend angle than 
the thinner plates. 

In the tests of the Manten steel specimens, the dif- 
ference in cooling rates resulting from the difference in 
the thickness of the plates had a marked influence on 
the bend angle. The decrease in bend angle from the 
to the * ,-in. plates was about 70°, and, except for 
the errors introduced by the lack of proportionality in 
notch depth, was a true reflection of the heat effect. 
This is in contrast to the results reported in the report 
dated Aug. 1, 1946.5 In that report, a comparison of 
the data for '/o-, 3/4- and 1-in. specimens of the same 
steel could not be made because all specimens had the 
same width (1'/s-in.) and were bent in a jig having the 
same span (9-in.) for all tests. 

In the tests of the Manten steel, which showed a 
definite reaction to the welding cycle, it is interesting 
that there was no difference in the bend angles of the 
§’ and 1-in. plates welded at 50,000 joules per inch, 
nor of the * ,-in. plates welded at 50,000 and 37,500 
joules per inch. This indicates that at 50,000 joules 
per inch, the cooling rate is already so rapid that in- 
creasing the plate thickness from * 4 to 1 in. produces no 
significant change in the heat effect that can be detected 
by the test. Likewise, increasing the cooling rate for 
the */,-in. plate (by dropping the heat input from 50,000 
to 37,500 joules) produced insufficient change in the 
heat-affected zone to affect the bend ductility of the 
welded bars. 
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Table 7—Effect of Specimen Width on Bend Angle of 
Welded Specimens* 


Unwelded 


specimen, 


Thick- Roll Heat ingle angle 
ness, Width, Span, diam- input, at at 
W, 8, eler, Joules maz. mar 
in. in. in D, in per inch load, load, 

Steel 2HF 

1! l'/> 50,000 51, 55 67, 69 

3 50,000 41,45 5a, 59 

1 1! 9 3 50,000 58, 60 62, 62 

1 3 0 3 50,000 54, 56 62, 62 

Manten steel 

l'/s l'/, 50,000 16,49 63, 64 

’ 3 1'/s 50,000 32, 34 49, 52 

1 I'/, 9 3 50,000 11,12 56, 5S 

1 3 9 3 50,000 12, 13 54, 56 


* Notch dimensions and notch depth were constant for all tests. 


Effect of Specimen Width. Table 7 gives the results 
of bend tests on specimens in which all factors were con- 
stant except width of the bar. Data for !/2- and 1-in. 
thick specimens are given, but should not be compared 
for analysis of effect of width, because the same heat 
input (and consequently different cooling rate) was 
used in both thicknesses. 

For the '/2in. welded specimens of Steel 2HF, a 
change in width from 1's to 3 in. produced a decrease 
in bend angle of about 20°%. For similar unwelded 
specimens, the decrease in bend angle was about 13°). 

The 1-in. welded specimens of Steel 2HF showed a 
slight decrease in bend angle (about 7°72) when the 
width was increased from 1’, to 3 in. 

The . in. welded Manten specimens also showed a 
pronounced decrease in bend angle (about 30°,) when 
the width was increased. The companion unwelded 
specimens had a decrease of 200%. The 1-in. Manten 
specimens showed no change in bend angle with change 
in width from 1! to 3 in. 

These data indicate that if the specimen width is 
increased sufficiently (e.g, from 3T to 6T, as for the ! 2- 
in. plates), the bend angle at maximum load (failure) is 
appreciably lowered, because of the increased restraint 
of ductile behavior at the notch in the wider specimens. 

It is believed that if a comparable increase in width 
had been made in the 1-in. plates (say from 1'/2T to 
6T), a greater drop in bend angle might have been ob- 
tained. 


CRACK SENSITIVITY OF THE CARBON- 
MANGANESE STEELS 
The unpublished Aug. 15, 1947, report showed the 
susceptibility to underbead cracking of the sixteen 
original project steels when welded at room tempera- 
ture in air. The report described the test developed at 
Battelle and gave the per cent of underbead cracking 
for these steels at room temperature. In order to 
evaluate the underbead cracking tendencies of these 
steels when welded under different conditions, it was 
decided to investigate the effects of various preheats, 
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and to determine the approximate underbead cooling 
rates corresponding to the various preheats. It was 
also decided to compare the effects of various types of 
electrodes on the cracking tendency. 


Effect of Initial Plate Temperature on Crack 
Sensitivity 


Test Method. Test specimens (4 x 1! 
prepared as shown in Fig. 6. These specimen dimen- 


» X 1 in.) were 


sions are different from those of the standard 1- x 2- x 3- 
in. crack-sensitivity test specimen developed at Battelle. 
The reason for this is that the specimens were cut from 
the ends of bent notched-bead specimens of 1-in. nor- 
malized plates, and a 2-in. wide specimen could not be 
consistently obtained. The 1! »-in. wide specimen was 
therefore selected for these tests, and its length was 
made 4 in. so that it would have a mass equivalent to 
the standard 2- x 3-in. specimen. 

Ten specimens of each of the 18 test steels were welded 
at room temperature in air, ten specimens were welded 
while partially immersed in a water bath at 150° F. and 
ten specimens were welded while partially immersed ina 
liquid-wax bath at 225° F. In all cases, specimens re- 
mained in the welding fixture for 30 sec. after welding. 
The temperatures of both the liquid baths were con- 
trolled by immersion heaters. 

After welding, the blocks were stored at 60° F. for 24 
hr., then stress relieved for lhr. at 1150° F. They were 
then sectioned longitudinally and surface ground, to ex- 
pose the underbead area along the center line of the 
weld. The sections were rough polished and magma- 
fluxed, and the length of underbead cracks, indicated by 
the magnaflux powder, was measured. 

The extent of cracking in each specimen was @x- 
pressed as the per cent of the total bead length whieh 
contained cracks. (The lengths of intermittent longi- 
tudinal cracks were added, but when the cracks over- 
lapped, the overlap was counted only asa single crack.) 

Test Results. The results of the cracking tests on the 
18 project steels, and a control steel (No. 9), are given 
in Table 8. 
of tests is also given, as an over-all indication of the 


The average cracking in the three groups 
relative crack sensitivity of the steels. 


Sow Cut trom 
Center ine 


bd 
Surface Grind to _— tor 
Center Ling Mecsurement 


Flat Position Weld Bead Mode With 
4-inch GE- W22 Electrode, Reversed 
Polarity, at OO Amperes and 25 Arc 
Volts, at 10 In. Per Min. (9.0 Seconds 
Arc Time) 


Fig. 6 Underbead crack-sensitivity specimen 
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Table 8—Results of Crack-Sensitivity Tests on 18 Project 
Steels and a Control Steel 


Underbead cracking, * 
At room At 225° F. Average 

temperature At 150 F. in molten of all 
Steel ina in water war tests 
IR 0 0 0 0 
Is 0 0 0 0 
1c 3 0 0 l 
JHE 0 0 <1 
0 0 <i 
2R 16 0 0 5 
2s 31 4 0 12 
| 74 35 0 36 
2h 73 57 0 43 
2X 0 0 0 0 
a1 63 7 
78 15 61 
S2 73 Ss 4 
3X is 13 0 20 
iF 06 SS 52 
ih 90 48 
at 2s 0 
ut 26 5 0 
ut 22 2 0 


* Average obtained from 10 specimens; detailed cracking data 
are given in Appendix Tables A3, A4, and A5 

t Three groups of 10 specimens each cut from one plate used 
as control; chemical composition—C, 0.1707); Mn, 1.25°; 
0.020°°; 0.026° and Si, 0.346. 

In Fig. 7, the cracking data are shown graphically, 
with the steels arranged in order of increasing cracking 
tendency. This figure shows that the cracking dimin- 
ishes as the cooling rate is slowed down (increasing ‘“pre- 
heat’’). 

Detailed crack-sensitivity data are given in Appendix 
Tables A-3 to A-5. 
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Steels, in Order of increasing Crack Sensitivity * 
Fig. 7 Relation between chemical composition and 
underbead cracking, for three conditions of plate tempera- 
ture. Average for all tests 
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At Room Temperature: The results showed wide 
variation in cracking tendencies from essentially no 
cracking for steels IR, IS, 1C, 2HF and 2HC, to 96 
cracking for Steel 4F. However, within the different 
groups of steels, no differences between the crack sensi- 
tivity of coarse- and fine-grained steels were observed. 

At 150 F. Preheat: The results showed the cracking 
tendency of all steels to be less than at room tempera- 
ture. Underbead cracking had been completely elimi- 
nated in the type 1 and 2H steels, and cracking in the 
Type 2 steels had been greatly decreased. Cracking in 
the Type 3 steels had decreased considerably, although 
the rolled steels still cracked severely. Cracking in the 
Type 4 steels decreased somewhat, although the Type 
4 rolled steels still showed very severe cracking. 

There was considerable difference (22°%) in the crack- 
ing tendencies of Steels 2C and 2F, which have similar 
chemical compositions, but a coarse and a fine grain, 
respectively. 

As in the room-temperature cracking studies, the cast 
steels showed considerably less cracking than the rolled 
steels of similar compositions. 

At 225° F. Preheat: The results showed all cracking 
was eliminated in the types 1 and 2 steels. The Type 
3 rolled steels exhibited only slight cracking while the 
Type 4 rolled steels still showed considerable cracking 
Cracking had essentially been eliminated in the cast 
steels, which again cracked far less than rolled steels of 


similar chemical compositions. 

Comparison with Chemical Composition: Figures 8, 
9 and 10 show the average crack sensitivity fer each 
steel at the three preheat temperatures, plotted against 
the chemical composition as defined by the carbon 


+ Mn 4 + Si/4). These results 


equivalent (C 


100 


70}— — 


Average Underbead Cracking,Per Cent 


0.60 0.80 100 


Carbon Equivalent, C+ Mn 


Fig. 8 Relation between average underbead cracking 
(room temperature tests) and chemical composition of I- 
in. plates of carbon-manganese rolled and cast steels 


WELDING RESEARCH SUPPLEMENT 


a 
| | 
ak 
‘dey 
1 
. 
i 
4 
24 
+ 4 
/ 
= 
| | | Ar) 
| | | 
i | | | 
4 — -+—f- +-- —+ ——-++- 
10g Des 
150 F Bath 50 T | 
| 
| 
20 
| 
| | | 
— 


Average Underbead Cracking, Per Cent 


0.60 0.80 1.00 
Carbon Equivalent, C+ Mp +5i 


Fig. 9 Relation between average underbead cracking 


(150° F. tests) and chemical composition of 1-in. plates of 


carbon-manganese rolled and cast steels 


showed, in all cases, that there was a definite relation 
between carbon equivalent and per cent cracking. Re- 
sults also showed that the east steels cracked much less 
than the rolled steels for a given carbon equivalent 
The experimental-rolled steels also showed less cracking 
for a given carbon equivalent than the ecommercial- 
rolled steels. 

Comparison with Bend Ductilitv: Figure 11 shows 
the bend duetilities (Table 6 of the earlier paper 
plotted against the underbead cracking obtained at 
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Fig. 10 Relation between average underbead cracking 
225° F. tests) and chemical composition of I-in. plates 
of carbon-manganese rolled and cast steels 
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Average Underbead Cracking, Per Cent * * 


Average Bend Angie, Degrees * 


Fig. 11 Relation between bend angle and per cent crack- 
ing for 18 project steels 

* Angle of bend taken from table 6, Aug. 1, 1946. report . for lL 

in. normalized steels welded with E6010 electrodes at 47,000 joules per 


inch. 
** For initial plate temperature at 75 80° F. 


room temperature. Steels that had a high bend due- 
tility showed little cracking; steels that had a low bend 
ductility cracked considerably. Cast steels showed far 
less cracking for any given bend ductility than the 


rolled steels. 


Effect of Electrode Type on Cracking 


In a study to determine the relative cracking tend- 
encies of representative carbon-manganese steels when 
welded with various types ol electrodes, crack-sensi- 
tivity specimens of three typical steels (2F, 3F and 4F) 
were welded with A.W.S. Classes £6010, £6020 and 
6015 (low-hydrogen) electrodes. The welding condi- 
tions for E6010 and E6020 electrodes remained the 
In order 


to maintain the same heat input and satisfactory weld 


same as those used in the preceding studies 


depositions, it was necessary to vary the welding condi- 
tions slightly for the E6015 electrodes 

Test Results. The detailed crack-sensitivity results 
for each specimen are given in Appendix Table A6, and 


the average results are as follows. 


frerage Cracking, ‘ 


Steel E6010 E6020 E6015 


9 (Control) j 0 
2F 0 
3F 0 
iF j 0 


The specimens welded with the E6015 (low-hydrogen) 
electrodes did not crack; and the specimens welded 
with £6020 electrodes showed considerably less crack- 
ing than those welded with £6010 electrodes. Figure 
12 shows the results graphically. 
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Average Underbeod Cracking, Per Cent * 


w 
Steel 4F 


Steel 3F 


Fig. 12 Influence of electrode type on underbead cracking 


Measurement of Cooling Rates in Crack- 
Sensitivity Specimens 


Studies were made of the relationship between under- 
bead cracking tendencies of these carbon-manganese 
steels and the cooling rates immediately under the weld 
beads in the cracking specimens. 

Test Procedure. Crack-sensitivity test blocks (4 x 
1', x 1 in.) were machined from 2-in. rolled plate of 
Steel IR. A No. 55 (0.052-in.) drill was used to drill a 
single hole in each specimen. The holes were placed at 
the longitudinal center lines of the blocks 2! 's in. from 
one end. All holes were drilled to a depth of 0.02 in. 
from the surface to be welded. 

No. 28 (0.0125-in.) chromel-alumel thermocouple 
wires were flash welded to the bottom of each drilled 
hole. Each thermocouple lead was insulated with 
drawn pyrex glass tubing and then given a sharp tug to 
insure that a good junction between the couple and 
block had been obtained. 

A Leeds and Northrup Speedomax was used to record 
the time-temperature curves. 

The same welding conditions were used as in the 
studies to determine the effect of preheat and electrode 
type on crack sensitivity. After welding, the specimens 
remained in the welding fixture until cooling was com- 
pleted. The specimens were then sectioned and sur- 
face ground to reveal the exact locations of the thermo- 
couples. 

Test Results. In Fig. 13, one cooling-rate curve is 
shown for each of the three conditions of plate tempera- 


ture during welding, which were used in the cracking 
tests with £6010 electrodes. 

Curve 1 is the average of two tests, both of which 
gave almost the same cooling curves. Curves 2 and 3 
are from single tests; duplicate tests were made under 
these conditions, but because of difficulties with the 


thermocouples, and probably with magnetic disturb- 


* Average of 10 specimens. 
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ances, the check tests were obviously in error, and 
only the curves for a single test are shown. 

For comparison, Fig. 13 also shows a cooling-rate 
curve for the top bead in a double-vee groove for 1-in. 
steel plate welded at room temperature at 29,400 joules 
per inch. This curve is taken from the report by Hess 
and his associates.° 

The cooling-rate data for the cracking test blocks show 
that under all three conditions—(1) plates at room 
temperature in air, (2) at 150° F. in a water bath and 
(3) at 225° F. in a molten wax bath—extremely rapid 
cooling rates obtained. Referring back to Fig. 7, the 
cooling rate for Condition (1) produced cracking in 15 
of the 18 test steels. When the initial plate tempera- 
ture was raised to 150° F, Condition (2), a slower cool- 
ing rate resulted, but probably not so slow as if the 
specimens had been held in air during welding rather 
than in a 150° F. water bath. But even under these 
conditions, a distinct decrease in cracking of all the 
steels took place, and 7 of the 18 steels showed no 
underbead cracks. 

The curves show that preheat had its most pro- 
nounced effect below 800° F., but the significance of the 
variations in the curves below this temperature has not 
been determined during the present program. 

It is of interest that when the cooling rate was re- 
tarded only slightly more Condition (3), the decrease in 
underbead cracking was very pronounced. It will be 
noted, in Fig. 7, that of the five most crack-sensitive 


Temperature, Degrees F 


40 
Time, Seconds 


Fig. 13 Cooling curves obtained for crack-sensitivity 
specimens 


(1) For specimen welded at room temperature (welded with E6010); 
(2) for specimen welded in water at 150° F. (welded with E6010); (3) 
or specimen welded in wax at 225° F. (welded with E6010); = (4) cool- 
ing curve reported by Hess and associates °) for l-in. ship steel at 
room temperature at 29,400 joules per inch. 
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steels, three (8C, 3E and 3F) benefited markedly from have produced slower cooling rates than those shown in 


the change in bath temperature from 150 to 225° F., curves (1), (2) and (3), Fig. 13. From the data now 
while the two most crack sensitive (4E and 4F) showed available, it is not possible to state with safety which of 
only about 40% decrease. the test steels may be welded under average conditions, 
At first glance it would appear, from a study of the with no preheat, without danger of underbead cracking. 
data in Figs. 7 and 13, that if the test steels had been For such information, cracking tests are desirable in 
welded under Condition (4), Fig. 13, little or no erack- which welding procedures comparable to those used in 
ing should be expected even in steels 4E and 4F, be- actual production are used, 
cause the cooling rate is, comparatively, so slow. How- The chief value of the crack-sensitivity data given in 
: ever, the report for Aug. 1, 1946* gave data on under- this report is to show the relative sensitivity of all the 
bead cracking for steels welded for notched-bead bend steels (which would not be possible under welding condi- 


tests, under welding conditions which are believed to ditions which produce considerably slower cooling 


Table Al—Welding Conditions for Proportionality Tests* 


Welding Heat Elec- 
Thick- Plate Speed, Input, Elec- trode 
Weld ness, Size, Arc Current, In. Per Joules trode Size, 
Spec. Material Inch Inches Voltage Amps Min. Per In. Type Inch Polarity 


L72 MANTEN 1 12x6 26 180 5.6 50,000 E6010 3/16 + 
L75 2HF 1 12x6 26 180 5.6 50,000 E6010 3/16 + 
L73 MANTEN 1 12x8 26 180 5.6 50,000 E6010 3/16 + 
L74 2HF 1 12x8 26 180 5.6 50,000 E6010 3/16 + 


L76 2HF 3/4 12x6 26 180 5.6 50,000 E6010 3/16 + 
L77 MANTEN 3/4 12x6 26 180 5.6 50,000 E6010 3/16 + 
L78 2HF 3/4 12x6 26 180 7,56 37,500 E6010 3/16 + f 
L79 MANTEN 3/4 12x6 26 180 7.56 37,500 E6010 3/16 + 


L80 2HF 1/2 12x6 26 S 50 ,000 E6010 3/16 + : 
L81 MANTEN 1/2 12x6 26 180 5.6 50,000 E6010 3/16 + , 
L82 2HF 1/2 12x8 26 180 5.6 50,000 E6010 3/16 + ; 
L83 MANTEN 1/2 12x8 26 180 5.6 50,000 E6010 3/16 + 
L84 2HF 1/2 12x6 26 180 11.23 25,000 E6010 3/16 + 

+ 


L85 MANTEN 1/2 12x6 26 180 14.23 25,000 E6010 3/16 


* In all cases the automatic stick-feed welding head was used. 


Table A2—Results of Proportionality Tests on Welded and Unwelded Specimens 


Specimen Specimen Support fell Bend Angle At 
Thickness, Width, Diameter, Span Length, Heat Input, Welding Speed, Maximum Load, Vaximim Load, 
Specimen Matertal Ineh Inehes Inches Inches Joules/Inch Inches Minute Lb Degrees Type of Failure!) 


Welded Specimens 


L72A MANTEN 1.1/2 9 50,000 5.6 DUCTILE, ABRUPT 
L72 ‘ANTEN 1.1/2 9 5.6 DUCTILE, ABRUPT 
L75A HF 1 1.1/2 3 9 5.6 $7.1/2 DucTILe, GRADUAL 
L755 HF 1 1.1/2 3 9 5.6 o¢ DUCTILE, GRADUAL 
L734 MANTEN 1 3 9 5.6 11-1/2 DUCTILE, GRADUAL 
L738 ManTEN 1 3 3 9 5.6 13 DUCTILE, ABRUPT 
L74A 2HF 1 3 3 9 5.6 5é CTILE, GRADUAL 
1 3 3 9 5.6 54 DUCTILE, GRAOUAL 


3/4 1/4 2-1/4 6.3/4 50,000 5.6 13 DUCTILE, ABRUPT 

3/4 -1/4 2.1/4 6.3/4 50, 00C 5.6 14 DUCTILE, ABRUPT 

3/4 2.1/4 6.3/4 50,000 5.6 €2 DucTite, 

} 3/4 -1/4 2.1/4 6.3/4 50,000 5.6 58@.1/2 DUCTILE, CRADUAL 

L79A “VANTEN 3/4 -1/4 2.1/4 6.3/4 37 ,500 7.56 13 DUCTILE, GRADUAL 
L798 MANTEN 3/4 2-1/4 2.1/4 6.3/4 37 ,500 7.56 12.1/2 DUCTILE, GRADUAL 
L78A 24F 3/4 2.1/4 2.1/4 6.3/4 37,500 7.56 57 DUCTILE, CRADUAL 
L788 2Me 3/4 2.1/4 2.1/4 6-3/4 37,500 7.56 17 ,600 56.1/2 DUCTILE, GRADUAL 


LIA MANTEN 172 1.1/2 1.1/2 4.1 0,000 5.6 10,100 48.1/2 DUCTILE, ABRUPT 
Laie MANTEN 1/2 1.1/2 1.1/2 4.1/2 50 ,000 5.6 9,900 45.1/2 DUCTILE, ABRUPT 
LBOA 2HF 1/2 1.1/2 1.1/2 4.1/2 50,000 5.€ 9, 10¢ 50.1/2 UCTILE, GRADUAL 
L808 HF 1/2 1.1/2 1.1/2 4.1/2 50,000 $.6 9,100 55 DUCTILE, GRADUAL 
LASA MANTEN 1/2 1.9/2 1.1/2 4.1/2 25,000 11.23 8,400 15 JCTILE, ABRUPT 
Lease MANTEN 1/2 1.1/2 1.1/2 4.1/2 25,000 11.23 19 DUCTILE, ABRUPT 
1/2 1.1/2 1.1/2 4.1/2 25,000 1.23 8,500 53 DucTILE, GRADUAL 
2HF 1/2 1.1/2 1.1/2 4.1/2 25,000 11.23 8,406 DUCTILE, GRADUAL 
La3A MANTEN 1/2 3 1.1/2 4.1/2 50,000 5.6 20,400 32 DUCTILE, ABRUPT 
La38 MANTEN 1/2 3 1.1/2 4.1/2 50 ,000 5.€ 20,400 34 DUCTILE, ABRUPT 
La2A 2HF 1/2 3 1.1/2 4.1/2 50,000 5.6 16,900 44.1/2 DucTILe, GRADUAL 
L828 2HF 1/2 3 1.1/2 4.1/2 50,000 __ 5.6 17,000 41 DucTILe, GRADUAL 


| 
| 
| 
| 
| 
| 


(1) "Ductile, Abrupt” is used to describe those failures in which there is a rapid falling off of load after maximum has been exceeded. "Ductile, 
Gradual® is used to describe those fatlures in which there is a gradual felling off of load after maximum has been exceeded. 
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Table A2—Results of Proportionality Tests on Welded and Unwelded Specimens (Contd.) 


Bend Angle 
Thickness, Width, Roll Diameter, Span Ultimate Load, At Maximum Load, 
Spec tmen Inches Inches Inches Inches Ib Degrees Type Of Failure 


(1) 


Unwelded Specimens 


MANTEN 1 3 3 9 38,400 54 DUCTILE 
MANTEN 1 3 3 9 39,800 56 DUCTILE 
2HF ! 3 3 9 29,000 62 DUCTILE 
2HF 1 3 3 9 28,000 62 DUCTILE 
MANTEN 1 1.1/2 3 3 19,000 57.1/2 DUCTILE : 
MANTEN 1 1.1/2 3 9 18,900 56 DUCTILE 
2HF 1 1-1/2 3 9 14,000 62 DUCTILE 
2HF 1 1.1/2 3 9 14,100 62 DucTILE 


MANTEN 3/4 2.1/4 2-1/4 6-3/4 21,300 52 DUCTILE 
MANTEN 3/4 2.1/4 2.1/4 6.3/4 21,300 5! DUCTILE 
2HF 3/4 2.1/4 2-1/4 6.3/4 16,900 67 DucTILe 
2HF 3/4 2.1/4 2-1/4 6.3/4 16,800 67 DUCTILE 


MANTEN 1/2 3 1.1/2 17,900 49 DUCTILE 
MANTEN 1/2 3 1.1/2 4.1/2 17,600 52 DUCTILE 
2HF 1/2 3 1.1/2 4.1/2 14,700 58-1/2 DUCTILE 
2HF 1/2 3 1.1/2 4.1/2 14,700 59 DUCTILE 
MANTEN 1/2 1-1/2 1-1/2 4.1/2 9,300 63 DUCTILE 
MANTEN 1/2 1.1/2 1.1/2 4.1/2 9,300 63.1/2 DUCTILE 
2HF 1/2 1.1/2 1.1/2 4.1/2 7,600 €8.1/2 DUCTILE 


2HF 1/2 1.1/2 66.1/2 DUCTILE 


(i) All failures listed here were of the type in which there was a gradual falling off of load after maximum 
load had been exceeded. 


rates), and to show the difference in behavior of steel welded specimens, i.e., the temperatures at which the 
types such as 2C and 2F, and the commercial and ex- fraetures of the specimens become brittle as the tem- 
perimental rolled steels. perature decreases, could be established. The speci- 


mens would also be examined to determine the carbon 


and manganese levels, for various welding conditions, 


SUGGESTED FURTHER WORK 


at which cracking would start in the heat-affeeted zone 


The results of the tests thus far completed in this instead of in the weld metal. (The type of specimen 
program have supplied considerable useful information to be used in such tests would have to be carefully 
on the relative weldability of the various test steels. It selected.) 


is felt that an over-all evaluation of the test steels would 


be more complete if the transition temperatures of 


Table At—Results of 150° F. Preheat Crack-Sensitivity 
Tests on 18 Project Steels and a Control Steel (1) 


Table (3—Results of Room Temperature Crack-Sensitiyity 
Tests on 18 Project Steels and a Control Steel (1) 


Cracking, “Per Cent 


Average 
Sumber 
= -= pecinen Nu - — Cracking, 
racking, Per Cent » 
Specimen Sumber Average Steel 10 ___Por Cent 
Cracking, 


woof 


2? 18 27? 50 34 16 2c 16 3 60 48 21 28 5 
Cc BO ? 68 73 55 73 81 «At 8? 72 74 2F 54 58 63 58 65 60 S% 49 59 49 57 
? 75 66 #79 6) 77 #67 @2 82 73 2 42 15 15 14 19 


(1) Belied at room temperature tm air. 
(2) Carhon-manganese high-tensile steel, for reference. 
(3) Poor weld, not tne luted. 


(1) Welded in water at 
(2) Carbon-manganese high-tensile steel for reference. 
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Tests on 18 Pro 


A5—Results of 225 


Cracking, Per Cent 
Specimen Sumber 


Steel 1 2 3 4 5 6 7 


oo 


F. Preheat Crack-Sensitivity 
“ct Steels and a Control Steel (1) 


Average 
— Cracking, 
10 Per Cent 
Steel Flectroxe 
0 oF £6010 48 
0 oF £6015 


Table A6é—Results of Room-Temperature Crack-Sensitiv- 
ity Tests on Three 
Steel Using Three Electrode Types (1) 


Selected Project Steels and a Control 


Cracking, Ver Cent 
Specioen Sumber Average 


Cracking, 


272s ? 
6! 5 4 “a 


2c 2 © © 0© F E602 72 45 56 68 44 é ‘ 
2F © © © © 0 0 0 
3c 0 © 10 13 8 4 17 17 7 
F 0 5 30 10 10 «642 5 12 22 16 15 (1) Pelded at room temperature (75 F) in air 
3E 10 ta) Nigh-tensile carbon-manganese steel used for refe-ence. 
af 40 56 67 6C 41 #44 68 St 61 34 52 
57 54 64 5 60 43 40 S6 10 48 ACKNOW LEDG MENT 
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(1) Welded at 225 F tn 
(m) Sed weld, net Mle recat the valuable suggestions on evaluation of the test data 
(3) Carbon-manganese, high-tenstle steel for reference. given by Dr. Q. KE Harder, Dr s L Hoyt and other 


Although the Jominy hardenabilities of the fine- and 


coarse-grained steels, 2F and 2C, have been obtained in 


the present program, hardenabilities determined under 


the heating and cooling ¢ mditions which occur at the 


welded joint would give more useful information 


This 


should be very helpful in determining the acceptability , 
of carbon-manganese steels for specifie welding 
application. Study of the Notch 
It would also be of interest to carry the cracking tests a 
discussed in the present paper somewhat further, using 
still slower cooling rates, in order to determine the cool- Mas 
. Hess, W. F., M 


ing rates at which even the most crack sensitive of the 


test steels will no longer crack. 


members of the Battelle Staff 
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Microstructure of Metals 


Following is an abstract of an address on 
the ‘Microstructure of Metals,’ delivered 
June 17, 1949, by Cyril Stanley Smith 
director of the the Study ot 
metals, University of Chicago, at a seien- 
the 


Institute for 
tifie symposium at the dedication ot 
Building the 
Metallurgical and Chemical Engineering 
Building on the campus of Illinois Insti- 


new Chemistry and new 


tute of Technology 
The the 


dominating part in the transition of metal- 


use of microscope played a 
lurgy from an art toa science —a transition 
that is by The 


change from a chemical to a phy sical basis 


no means complete 
for interpretation of the properties of al- 
lovs began when it was demonstrated that 
composition is important principally be- 
affects strueture. By 1920 the 
various types of structures that could be 
expected had become well known and the 
relation between the spatial distribution of 
the various microconstituents to mechani- 


cause it 


eal and other properties fairly well under- 
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The introduction of X-rav diffrac- 


methods for studying structure on an 


stood 
sion 
decreased interest in 
in the 


atomic seal micro- 


structures, and only last few vears 


has it been possible to glimpse the laws 


underlying most normal forms of micro- 
structure 

The structure of a metal results from the 
topological necessity that each grain ex- 
actly fit against its neighbors and the fact 
that the 
metal or alloy tend to adjust toward a con- 
The forees 
microstructures 


interfaces between grains in a 
figuration Of minimum energy 


responsible for metallic 


are almost free from ervstallographic 
directionality, and it is possible to find al- 
most exact duplicates of the structures in 
in soapsuds, 
foams of oil and water, and many biologi- 
cal tissues, including elder pith and human 
fat. Inallof these the system attempts to 
attain the minimum area of surface be- 
tween a mass contiguous cells. The grain 
growth that occurs on annealing a fine- 
grained metal is a result of the migration 
of grain interiaces under the influence of 


the curvatures introduced by the 


nonerystalline materials, ¢.g., 


recon- 
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120 


icts between 


cilitation of the 
angles with the 

The 
and fast, for rapid motion oecurs following 
the 


requirements for 
random cont 
grains motion is intermittently slow 


formation of an unstable junction of 


more than four grain a point 
The structure of many alloys, as dis- 
tinct from those of a pure metal, is come- 


plicated by the fact that there are at least 


two types of interfaces, those between 
grains of the same phase and those be- 
tween grains of different phases. It is the 
ratio between the energies of these two 


interfaces that determines the microstruc- 
ture ot allovs. If the 
interface has a low energy compare d with 
the boundary be the 
the pene- 
between the 


binary interphase 


tween two grains ol 


phase second phase will 


trate and entirely 
first grains, usually resulting in an 
tremely brittle alloy If the 
boundary energy is high, the phase will be 
‘spheroidized This simple 
concept explains many structures of cast 
but 


separate 
interphase 
more or ke SS 
needs consider- 


and annealed allovs, 


able extension to cover s of oriented 


Cust 


precipitation 
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Steels 


by C. B. Voldrich and O. E. Harder 


INTRODUCTION 


N 1937, the Committee on Plain Carbon Steels of the 
Industrial Research Division, Welding Research 
Committee, began the organization of a program of 
research on the effect of carbon and manganese on 

the weldability of steels. After a survey of the litera- 
ture had been made and published,' and following sev- 
eral meetings of the Committee, a tentative draft of the 
research program was published.* Early in 1941, the 
program was worked into final shape by Subcommittee 
II of the Industrial Research Division, and in June of 
that vear a research project on the problem was begun 
at Battelle Memorial Institute. 

The broad objective of the investigation was to 
evaluate the influence of carbon and manganese on the 
weldability of the carbon-manganese steels. To para- 
phrase one of the early published reports of Sub- 
committee II, the essence of the problem was to obtain 
basic data which would lead to a better understanding 
concerning the avoidance of cracks during welding, and 
the maintenance of adequate ductility next to the weld 
to help prevent failure of the weldment under service 
loading. Two other objectives were ultimately brought 
into the picture, namely, an investigation of the useful- 
ness of a notched-bead bend test for evaluating welda- 
bility, and an investigation of the adaptability of this 
test, in a modification of the Lehigh system,* for the 
evaluation or prediction of weldability. Throughout 
the research, an important objective was the develop- 
ment of a test for weldability of steels. 

The work conducted at Battelle for the Welding Re- 
search Council on the weldability of the carbon-man- 
ganese steels may be divided into three periods. The 
first period, begun in June 1941, and ended in the sum- 
mer of 1942, dealt with the evaluation of underbead 
hardness as an index of weldability. Underbead 
cracking was included in this phase of the investiga- 
tion. Some tests were also conducted on the bending 
of bead-welded specimens, in an attempt to evaluate 
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Columbus 1, Ohio, 


Voldrich, Harder—Review- 


326-s 


Review on The Weldability of Carbon-Manganese 


® An eight-year program of research on weldability at Battelle is briefly re- 
viewed. These investigations have evaluated the influence of carbon and manga- 
nese on the weldability of the carbon-manganese steels. 
made as to the usefulness of a notched-bead bend test for evaluating weldability 


Investigations were 


the ductility of the heat-affected zone. The initial pro- 
gram also included other tests (originally outlined by 
the Committee on Plain Carbon Steels) such as notched 
slow-bend and impact-bend tests of bead-welded plates, 
rigid-frame weld tests, tee-bend tests and tension im- 
pact tests. By the time the work had advanced 
through the first year, the Advisory Subcommittee felt 
that the latter tests should not be made, or at least 
deferred until the results of another investigation, on 
the weldability evaluation technique proposed by Dr. 
A. B. Kinzel,* had been tried out. 

The results of the research conducted at Battelle 
during the first period were submitted to the Welding 
Research Committee in five progress reports, and a 
paper describing all of this work was published in THe 
WextpinG JourRNAL in 1942, along with a report of 
Committee II and three reports on other weldability 
tests on the same steels by other investigators (see 
References 1-6, inclusive, Appendix A). 

In the interim between the first and the second re- 
searches on the weldability of carbon-manganese steels, 
Battelle conducted a research on the weldability of 
S.A.E. alloy steels, using the techniques developed in 
the first program, for the Watertown Arsenal. The 
results of these tests were published in THe WeLDING 
JOURNAL.® 

The second period of Battelle’s investigations for the 
Welding Research Council began in November 1944, 
and ended in September 1946. As in the previous work, 
the underlying objective was to evaluate the influence 
of carbon and manganese on the weldability of the test 
steels, but the immediate objective was to evaluate the 
usefulness of the notched-bead slow-bend test as a 
means of measuring the weldability of steels, possibly in 
conjunction with a modified version of the Lehigh sys- 
tem. 

At the start of the second period, three short pilot 
programs were conducted to investigate the most suit- 
able bend-specimen design, to determine the effect of 
aging on the behavior of the specimen, and to obtain 
preliminary data on the possible effeets of plate thick- 
ness and welding electrodes. When these tests had 
been completed and reported to the Welding Research 
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Committee, a paper was published summarizing the 
preliminary studies (see References 7-10, Appendix A). 
In August 1945, after about nine months of work on 
the pilot tests, the main program of the second period 
was begun. In this work, thte notched-bead slow-bend 
test was used with all of the test steels available. The 
influence of variables such as electrode type, heat input, 
plate condition and plate composition on the bead-bend 
ductility of the welded specimens was studied. The re- 
sults of these tests were presented to the Weldability 
Committee in a single progress report, and an abridged 
version of the report was published in THe WerLpING 
JouRNAL (see References 11 and 12, Appendix A). 
The third period of the weldability investigations be- 
gan in January 1947, and ended in April 1948. The 
work was an extension of the notched-bead slow-bend 
test studies, and entailed a study of factors which had 
not been fully considered in the earlier investigations. 
The tests included studies of the effects of 
tionality of specimen dimensions on the behavior of the 


propor- 


notched-bead slow-bend specimen; studies of the rela- 
tive behavior of a pair of coarse- and fine-grained steels 
of similar chemical composition; and a study of the 
crack sensitivity of the test steels and the influence of 
preheat and electrode composition on the incidence of 
underbead cracking. Two progress reports have been 
submitted to the Weldability Committee on this work, 
but the data have not yet been published (see Refer- 


ences 13-15, Appendix A). 


THE TEST STEELS 
The carbon-manganese test steels were ordered dur- 
ing the early part of 1941 from various steel mills, to 


specifications set by Committee II of the Industrial 
52 


Research Division. In all, over 52 tons of steels, in 


plate thicknesses and compositions, were 


various 


One 


originally purchased at a cost of about $3500. 
rolled steel was contributed by the manufacturer and 
the cast-steel plates were contributed by the Steel Foun- 
ders’ Society of America. Someof the steels procured on 
this subject have been supplied to other laboratories 
working on various related problems. 

In 1947, a number of plates of a pair of coarse- and 
fine-grained steels, made from the same heat, were 
donated by the Inland Steel Company for use in check 
At 
about the same time, two plates of a ship steel were pur- 


tests on the influence of grain size on weldability. 


chased from stock being made for tests by the Ship 
The latter steel has not yet 
been used or tested on the Welding Research project, and 


Construction Committee. 


full information on its composition and heat history is 
not vet available. 

Table 1 gives the approximate chemical composition 
and other data on the carbon-manganese steels tested 
thus far in the Battelle investigations for the Welding 
Research Council. The composition varies somewhat 
between the different plate thicknesses for a given steel, 
but the table, which is based on the mill heat and check 
analyses, gives substantially representative composi- 
As Table 1, the 
divided into four types on the basis of carbon and man- 


tions. is evident from steels are 


ganese contents. 

In the first work, the tests were on normalized stock, 
but in later work both as-received and normalized speci- 
used. The cast steel plates were heat 


mens were 


treated by the producers. 


WELD-BEAD HARDNESS TESTS 


The initial evaluation of the weldability of the car- 
bon-manganese steels was made by measurements of 
the maximum hardness in the heat-affected zone adja- 


cent to weld beads made on plates of various composi- 


Steel Chemical Composition, 
type ( Vn Si S > 
IR 0.21 0.41 0.004 0.027 0.010 
Is 0.21 0.45 0.048 0.035 0.017 
1¢ 0.22 0.40 0.16 0.035 0.013 
2R 0.29 0.50 Trace 0.038 0.012 
2s 0.26 0.57 0 036 0.035 0.014 
2C 0.30 0.66 0.19 0.035 0.013 
2h 0.28 0.76 0 20 0.040 0.035 
21 0.28 0.69 0.24 0.022 0.017 
2X 0.28 0.68 0.30 0.039 0.026 
3C 0.31 0.95 0.12 0.025 0.024 
3F 0.33 0.88 0.21 0.030 0.019 
3k 0.33 1.19 0.29 0.039 0.019 
3X 0.31 1.00 0.54 0.022 0.035 
iF 0.32 1.50 0.23 0.032 0.016 
iE 0.33 1.62 0.29 0.036 0.027 
iX 0.31 1.55 0.41 0.038 0.025 
2HC 0.18 0.70 0.2: 0.034 0.023 
2HE 0.17 0.70 0.23 0.033 0.021 
2BC 0.23 0.78 0.05 0.044 0.013 
. 2 7 044 013 


Table 1—Data on Test 


Steels 


Approximate 
carbon 


equi alentt, Thicknesses 

C+ available, 

\ Cr + Si/4 grain in 

0.18 0 052 0 024 0.31 
0.02 0 02 0.02 0.33 
0.21 0.13 0.023 0.36 Coarse 1.2 
0.28 0.18 0.048 0.42 
0.02 0.03 0.01 0.41 » 1.2 
0.14 0 07 0.054 0.51 2 to 4. 
0.21 0.13 0.042 0.52 5to8 

0.51 2to4 » 1 
0.10 0.01 0.02 0.53 
0.10 0.05 0.10 0.58 2to4 » 1,2 
0.23 0.10 Trace 0.60 5 to8 

0.70 2to4 
0.05 0.16 0.03 0.69 a 
0.22 0.10 0.05 0.75 

0.81 2to4 il 
Trace 0 06 0.15 0.80 

0.41 lto4d l 

0.40 5to7 1 

0.44 2to4 “ye 

2 


C, HC, BC 


*R—rimmed; S—semikilled; 
X cast 


5-8); E-—experimental (rolled); 


+ Approximate compositions from mill heat and check analyses, 
of data, compositions and carbon equivalents of the individual plates welded are used 
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coarse-grained (Approx 


A.S.T.M. 2-4); F, HF, BF A.S.T.M 


fine-grained (Approx 


Composition varied slightly with plate thickness, and in the analyses 
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tions and thicknesses. The tests were condueted in 
accordance with specifications set up by Committee I 
of the Industrial Research Division. The two prin- 
cipal variables were the steel type (composition, grain 
size, deoxidization practice) and the cooling rate (dura- 
tion of welding, initial plate temperature, plate thick- 
A single type of electrode, Class E6010, was 
used in all of the tests. 


hess). 


The Test Method 


The test plate was a 6 x 12-in. piece of steel, either 
' 4, ' 4, Lor 2 in. thick, with two weld beads deposited 
on it with * js-in. E6010 electrode. A welding current 
of about 180 amp. at 26 are volts (direct current, elee- 
trode positive) was used, at a welding speed of 5 in. per 
minute. One of the weld beads was 3 in. long (42 see. 
are time), and the other '’s in. long (13 see. are time) 
The initial temperature was either 80 or 10° F. 

The weld beads were sectioned transversely at mid- 
length of the bead and the cross-sectional surfaces 
polished and etched. Hardness readings, using 10-kg. 
Vickers indentations, were then made underneath and 
at the toes of the weld bead, to locate the maximum 
hardness in the heat-affeeted zone. 


Results of Weld-Bead Hardness Tests 


Influence of Chemical Composition. The tests showed 
that there was a good relationship between the carbon 
and manganese contents of the steel (this is expressed 
in the reports on this work as the carbon equivalent 
C + Mn 6) and the maximum hardness which de- 
veloped in the heat-affected zone. The results were 
evaluated on the basis of the generally accepted criteria 
for maximum underbead hardness, t.e., 350 Vickers 
maximum to insure absence of cracking, and 250 
Vickers maximum for satisfactory performance of the 
heat-affected zone under service loading, particularly in 
structures which are to serve in the as-welded condition. 


The approximate limits of carbon and manganese for 
keeping the underbead hardness below the 350 and 250 
Vickers maxima, for the different plate thicknesses and 
welding conditions used, were as follows: 


Plate thickness, 


te 


Maximum carbon equivalent C + 

Mn 6 for hardness under 350 

Vickers 060 0.50 0.45 0.40 
Maximum carbon equivalent C + 

Mn/6 for hardness under 250 

Vickers 045 040 0.35 0 30 


The above values apply for welds made without pre- 
heat; if preheat had been used the limiting carbon 
equivalents for the hardnesses indicated would have 


been higher 


Influence of Steel Type 


Deoxidization Practice; Grain Size. The only indica- 


tion of a possible influence of steel type was for steels 2F 
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and 2C, which had practically the same chemical 
composition but different grain sizes. The tests show 
that Steel 2F, the fine-grained steel, consistently had a 
somewhat higher maximum hardness in the heat- 
affected zone than Steel 2C, the coarse-grained steel. 
This has been attributed by some to the higher phos- 
phorus, copper and nickel contents of the fine-grained 
steel; and by others to the tendency of the fine- 
grained steel to coarsen rapidly at the high tempera- 
tures obtaining near the weld metal. 

Cast Vs. Wrought Steel. For a given carbon-manga- 
nese factor, the three cast steels tested showed somewhat 
higher maximum hardnesses in the heat-affected zone 
than the corresponding wrought steels. This is attri- 
buted chiefly to the greater silicon content of the cast 
steels, and in later work the carbon equivalent C + 
Mn 4+Si 4 was used to account for the greater silicon 
content of the cast steels. 


Influence of Cooling Rate After Welding 


The tests showed that an increase in the rate of cool- 
ing after welding (an increase in plate thickness, or a 
decrease in the initial plate temperature, or a decrease 
in the length of the weld bead) caused an increase in the 
maximum hardness in the heat-affeeted zone. The 
strongest effect seemed to be that of the change in plate 
thickness, from ', to '» in. and from ! » to 1 in. 
When the plate thickness was increased from 1 to 2 in. 
there was very little increase in the maximum hardness. 
This indicated that at a plate thickness of about Lin. a 
critical cooling rate had been attained and further in- 
creases in the plate thickness produced an insufficient 
increase in cooling rate to influence the hardness. 


LONGITUDINAL WELD-BEAD BEND TESTS 


A study of the ductility of the heat-affeeted zone was 
attempted, in the initial program, by bending speci- 
mens with a longitudinal weld bead on one surface. 
The tests were conducted in accordance with specifica- 
tions set up by Committee I], and were based on other 
investigations which had been conducted in this 
country and in Europe prior to 1941. 


The Test Method 


Weld beads, 6 in. long and ' » in. long, were deposited 
on strips of the test steels under welding conditions 
similar to those for the weld-bead hardness tests. The 
tests were made only at an initial temperature of 80° F., 
and, except for one steel, only on | o-in. plate. The 
ductility was evaluated by measurements of the angle of 
bend and maximum load, and by measurement of the 
elongation on the tension face of the bend specimen. 


Resu!ts of Longitudinal Weld-Bead Bend Tests 


In general, the results of the longitudinal weld-bead 
bend tests were inconclusive, because in too many cases 
failure initiated in the weld metal and then progressed 
out into the heat-affeeted zone, even though the heat- 
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affected zone was, in the higher chemistry steels, quite 
hard. For the specimens with 6-in. weld beads, for 
example, the angle of bend at maximum load was be- 
tween 100 and 115° for all of the wrought steels, inelud- 
ing types 1, 2,3 and 4. For the specimens with '/»-in. 
beads, the bend angle ranged from about 110° for the 
types 1 and 2 steels to 20° for the Type 4 steels. For 
both the 6-in. bead and 
elongation on a tension face in a region of maximum 


5-in. bead specimens, the 


bending was about 20°¢. 

The cast-steel specimens exhibited considerably less 
capacity for bending than the wrought steels. 

Some of the data indicated that welds having hard- 
nesses of 350 Vickers or more had considerable duc- 
tility in the heat-affected zone. For example, Steels 
4F and 4E withstood bend angles of 180° (the capacity 
of the jig) without cracking, even though the weld 
bead had been applied under conditions which de- 
veloped hardnesses of about 400 Vickers in the weld- 
bead hardness tests. In these specimens, the final 
elongation along the heat-affected zone was about 257 
on a l-in. gage length. The reasons for this apparently 
high ductility in the hardened heat-affected metal have 


not vet been determined 


NOTCHED-BEAD SLOW-BEND TESTS 


Late in 1944, the weldability program at Battelle was 
resumed with a study of the notched-bead slow-bend 
test, which was selected by the Advisory Committee as 
probably one of the more suitable ductility weldability 
tests. The broad objectives of the project were to 
evaluate the usefulness of the notched-bead slow-bend 
test as a means of measuring the weldability of steels, 
the evaluation of the influence of carbon and, or man- 
ganese on weldability, and the possible adaptation of 
the notehed-bead slow-bend test, with the Lehigh sys- 
tem, as a means of evaluating and predicting welda- 
bility. 
pilot program was authorized to study the influence of 


Prior to the start of the main investigation, a 


notch design, aging and other factors on the behavior 
of the bend specimens 


Studies of Testing Techniques 


The test specimen was a 6- x 12-in. plate of the test 
steel, either '/9, 3.4 or 1 in. thick, with a 5! in. weld 
bead deposited along the short center line of the plate. 
Twelve-inch-long bend specimens were cut transversely 
to the weld bead, which was hen notched along its 
center line to a depth of * 4, in. below the surface of the 
plate. The specimen was put in a bending jig with the 
notch on the tension side, and was bent at room tem- 
perature until fracture occurred or until the capacity of 
the jig had been reached. Observations were made of 
the bend angle, maximum load and type of fracture. 


Pilot Tests 


Influence of Notch Design. 
the design of the notch was studied. 


In the first pilot program, 
It was found that 
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either a square notch with rounded corners or a U-notch 
with a full root radius would function satisfactorily in 
the bend test. With the U-notch, the character of 
fracture was more consistent than with the square 
notch, and therefore the U-notch was selected for the 
remainder of the program. However, where machining 
facilities for making U-notches are not available, it is 
believed that satisfactory results can be obtained with a 
square notch such as can be made with a hack saw. 

It appeared from these pilot tests that the depth to 
which the notch is cut is not a critical factor, so long as 
the notch is not cut entirely through the weld bead into 
the heat-affected zone. Thus, it was decided to use a 
rather than one 
whose depth varies with the penetration of the weld 


notch of constant depth (* ¢ in.), 


bead so that the root of the notch is always a constant 
distance above the fusion line. 

Effect of Plate Thickness. When notched-bead bend 
tests are made on a group of steels with varying thick- 
nesses, to obtain different cooling rates, the results of 
the bend tests are influenced not only by the metal- 
lurgical properties of the heat-affected zones in the 
different thicknesses, but also by the section modulus 
of the bend specimen. The pilot program indicated 
that to isolate the cooling rate effect for weldability 
studies, it is desirable to machine all specimens to the 
same thickness after the welds have been made on dif- 
ferent thicknesses; or to use a single thickness for 
welding, with the changes in cooling rate effected by 
artifical means. 

In later tests, an attempt was made to eliminate the 
influence of plate thickness on the bending properties by 
making comparisons between welded and unwelded 
specimens. It was found that this procedure did not 
eliminate the size effect, and the recommendations in 
the above paragraph still hold, when it is desired to 
study only the metallurgical effects. 

Effect of Aging. The pilot tests confirmed the obser- 
vations of other investigators that the properties of the 
bend specimens may change appreciably with time, and 
that it is desirable either to allow a sufficient length of 
time for a series of welded specimens to attain reason- 
able stability, or to hasten the process by increasing the 
aging temperature. 

It was found that an aging period of a week at room 
temperature, or of 16 hr. at 212° F., produced a sub- 
stantial increase in the angle of bend of carbon-man- 
ganese steel specimens welded with E6010 electrodes. 
The reasons for this improvement have not been deter- 
mined. 

Extending the aging treatment at 212° F. beyond 16 
hr. produced no further improvement. It is not known 
if long-time aging at room temperature, say for 30 to 60 
days, would have any more effect than aging 1 week at 
It is believed that the significant 
improvements in angle of bend are realized within the 


room temperature. 


first 7 or 8 days of room-temperature aging, and that 
reasonably stable conditions are thus attained, but it 
was also indicated that an equally stable condition is 
obtained by accelerated aging for 16 hr. at about 200° 
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F. The latter procedure, using 20 hr., was used in sub- 
sequent phases of the research program. 


Study of the Influence of Proportionality in 
Specimen Dimensions and Heat Input on 
Test Results 


Very recently a series of bend tests was conducted on 
two selected steels in various thicknesses, with the width 
of the specimens, and the bending-jig dimensions (span 
and roll diameter) proportional to the plate thickness. 
The object of these tests was to determine if by this 
method the mechanical effeet of varying plate thickness 
could be eliminated or isolated, and only the metal- 
lurgieal effect of variations in cooling rate studied. 
The results indicated that at least for the hardenable 
steel, the ductility of one thickness of specimen could 
not be predicted consistently from the results of tests on 
another thickness in which the specimen width, bending 
span and support-roll diameter were proportional. It 
was concluded that the better way to study the influ- 
ence of plate thickness on bend ductility of welded speci- 
mens is to make the welds on the specimens of different 
plate thicknesses, and then to machine all the plates to 
the same base thickness. 


Test Procedure for Main Program of Notched- 
Bead Bend Tests 


The steels used in these tests were ' o-, * 4-* and 1-in. 
plates of the original 16 carbon-manganese steels and the 
two steels received from Inland Steel Co. The weld 
beads were made on 6- x 12-in. plates, in the as-rolled 
and normalized conditions, with * js-in. electrodes of 
classes E6010, E6020, E6012 and E6015 (low hydrogen, 
noneracking). For each electrode, a constant welding 
current and are voltage was used, but three different 
welding speeds were used to obtain heat inputs of ap- 
proximately 30,000, 50,000 and 70,000 joules per inch. 
The initial plate temperature for all tests was 80° F. 

After welding, the plates were stored in air at about 
200° F. for 20 hr. to produce an accelerated aging. 
The specimens were then machined to 1!) »-in. width, 
and a notch was cut along the center of the weld bead, 
with a! ys-in. root radius and a depth of * ¢ in. below 
the surface of the plate. 

The specimens were bent at room temperature in a 
jig with a 9-in. span. For comparison, unwelded bend 
specimens were machined and notched from the various 
plate thicknesses, and tested in the same way as the 
welded specimens. 


Results of Notched-Read Slow-Bend Tests 


The important results of the notched-bead slow-bend 
tests may be summarized as follows: 

1. Except for the thin plates welded at the high heat 
input, all of the steels had a lower bend angle in the 
welded condition than in the unwelded specimens. 


* Machined from 1-in. plate 
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2. The bend-angle ductility of welded specimens 
decreased as the carbon and manganese content in- 
creased. 

3. The bend angle decreased markedly as the plate 
thickness increased, for any given chemical composition 
and heat input (this effect is partly the result of the dif- 
ference in properties of the heat-affected zone resulting 
from the variation in cooling rate for the different 
thicknesses, and partly the result of the section modulus 
of the bend specimen). 

4. The bend angle increased as the heat input in- 
creased. This was most pronounced for ! and * 
plates; for the l-in. plates there was little improve- 
ment in bend angle with greater heat input. 

5. There was no significant difference in the bend 
angle for as-rolled and normalized plates. 

6. The cast steels responded to welding substan- 
tially in the same degree as the rolled steels. In 
general, however, the bend angle for the cast steels 
tended to be lower than that of rolled steels of the same 
class. It is believed that the higher silicon content ot 
the cast steels is responsible, at least in part, for this 
difference. 

7. There was no difference in influence of the four 
classes of electrodes on the bend ductility. for a given 
heat input. 

8. Specimens welded with a low-hydrogen electrode 
had the same bend angle as similar specimens welded 
with Class E6010. 
trode produced no underbead cracks even in steels of 
highest composition, while the E6010, E6020 and E6012 
electrodes produced underbead cracks in some of the 


However, the low-hydrogen elec- 


higher chemistry steels. 

%. There was good correlation between the bend 
angle and the maximum underbead hardness of simi- 
larly welded specimens. 

It was a broad conclusion of this work that the 
notched-bead slow-bend test provides a useful measure 
of the reaction of various steels to the heat of welding. 
The indications are that the most reliable tests are 
obtained with steels with carbon equivalents on the 
low side, and with plates at least ' » in. in thickness, and 
preferably thicker. 

Attempts to use the notched-bead bend-test data in 
conjunction with the Lehigh system for predicting the 
weldability of the steels were not successsful. The 
inconsistencies which were encountered during this 
analysis are believed to be the result of the fundamental 
deficiency of the testing technique, i.e., the inability to 
isolate metallurgical effects from seetion-modulus 
effects when specimens of different. thicknesses are bent. 
It has been shown that the attempt to eliminate this 
deficiency, by introducing proportionality of testing 
dimensions into the procedure, is not entirely success- 
ful. It is believed that to obtain data suitable for 
analysis by the Lehigh system, the bend tests need to 
be made on specimens of the same thickness, regardless 
of the thickness which obtained during welding. Tests 
at different preheat levels are also desirable to produce 
additional data for use with the Lehigh system. 
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There was some indication that for one pair of steels 
(2C and 2F) with approximately the same chemical com- 
position but with different grain sizes, the coarse-grained 
steel had better bend ductility than the fine-grained steel. 
Preliminary indications are that this is due to the greater 
coarsening tendencies of the fine-grained steel when 
heated at high-welding temperatures; but since the fine- 
grained steel contained somewhat more phosphorus, 
copper and nickel than the coarse-grained steel, it can- 
not be stated with certainty that the difference in bend 
behavior is principally a function of the grain size and 
grain-coarsening tendency 


TESTS OF COLD CRACK SENSITIVITY 

In the weld-bead hardness and notched-bead bend- 
test studies described above, observations were made of 
cracking in the hardened heat-affeeted zone adjacent to 
weld beads. In general, this cracking increased with 
increasing carbon and manganese contents, and with 
faster cooling rates. However, it was present only when 
electrodes such as Classes E6010, £6020 and E6012 were 
used. In the noteched-bead bend tests, a few speci- 
mens were also made with the newer E6015 type of 
electrode (ferritic, lime-type coating, low hydrogen); 
in these tests no cracking Was observed even in the steels 
of highest carbon and manganese contents. 

To determine more accurately the relative crack sensi- 
tivity of the carbon-manganese test steels, a series of 
crack-sensitivity tests was run using a procedure which 
had been developed at Battelle on investigations for the 
War Production Board and the Bureau of Ships.® 7 


The Test Method 


The test specimen was a 1! »- x 4- x 1-in. thick block 
of steel with a l-in. weld bead deposited along the 
long axis of the specimen, using a '/s-in. electrode at 
about 100 amp., 26 are volts and 10 in. per minute. 
The welded specimen was stress relieved and sectioned 
longitudinally along the center line of the weld bead, 
and the total length of underbead cracks was measured. 

Twenty identical specimens were welded for each 
test steel, and the average amount of underbead crack- 
ing in all twenty was taken as an index of the crack 
sensitivity of the steel for the particular welding condi- 
tions used. 

The tests were made with three classes of welding 
electrodes (E6010, E6020 and E6015) at three levels of 
initial plate temperature (room temperature, 150 and 
225° F. preheat). 

It should be remembered that the amount of cracking 
obtained by this technique is relatively great, because 
of the severity of the welding conditions, and is there- 
fore not directly indicative of the amount of cracking 
that may obtain in production welding. The relatively 
drastic cooling rate was used in order to obtain cracking 
in the steels with the lower carbon and manganese con- 
tents. However, the test welding conditions are not 
entirely remote from what may obtain in practice; 
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they approximate what may be found in tack welding 
and in the deposition of root beads in thicker plates 


Results of Crack-Sensitivity Tests 


The test data indicate that crack sensitivity of the 
steel increases as the carbon and manganese contents 
increase. For the welding conditions used, the Type 1 
steels and some of the Type 2 steels showed no crack- 
ing, while the Type 3 and Type 4 steels cracked from 15 
to 90° of the bead length. 

As the initial plate temperature was increased from 


room temperature through 150 to 225° F., the amount 
of underbead cracking decreased. At 225° F., only the 


rolled Type 3 and Type 4 steels showed any cracking, 
and it is probable that this cracking would have been 
eliminated at preheat temperatures of 250 to 300° F. 

It is quite significant that for a given carbon equiva- 
lent (C + Mn/4 + Si/4) the cast steels showed very 
much less underbead cracking than the rolled steels. 
For example, in the room-temperature tests and for a 
carbon equivalent of about 0.53, cast steel 2X did not 
crack, rolled steel 2E cracked 50°, and rolled steels 2C 
and 2F cracked 75% 
Steel 4X showed 55°] cracking, while Steel 4E showed 
90% cracking and Steel 4F, 95 When the 
tests were made at a preheat of 150° F., the 3X and 4X 


For a carbon equivalent of 0.80, 
cracking 


steels showed only 10°% cracking, while the corre- 
sponding rolled steels showed between 70 and 85°@ crack- 
ing. The basic reasons for the lower crack sensitivity 
of the cast steels is not known at this time 

It was also found that the experimental! rolled steels 
2K, 3E and 4E were somewhat less crack sensitive, for a 
given chemical composition, than the commercial rolled 
steels. This difference, however, was not so pronounced 
as that for the cast steels. 

The tests with different types of welding electrodes on 
three representative steels showed that Class E6010 
electrode produced the most cracking (from 60°; for 
Steel 2F to 90°;7 for Steel 4F). E6020 electrode also 
produced underbead cracking, but less than E6010 
(e.g., 10° eracking for Steel 2F, 65°; for Steel 4F). 
When E6015 electrode was used no cracking was ob- 
served in either Steel 2F, Steel 3F or Steel 4F. 

There was some indication, as in previous work, that 
grain size or grain-coarsening tendency has some influ- 
ence on the weldability; in this case, on the crack sensi- 
tivity. To illustrate: In the room-temperature crack- 
sensitivity tests both Steel 2C and Steel 2F (which have 
essentially the same carbon equivalent) cracked about 
73° >; at 150° F. initial plate temperature, Steel 2C 
cracked 36%, while Steel 2F cracked 58°); at 225° F. 
initial plate temperature, both 2C and 2F showed zero 
cracking. 


DISCUSSION OF RESULTS 
In the series of investigations described above, the 


weldability of the carbon-manganese steels has been 
studied principally by tests of weld-bead hardness, 
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weld-bead bend ductility and underbead crack sensi- 
tivity. Corollary studies were also made at various 
times on the microstructure characteristics of the heat- 
affected zone, hardenability, and My temperature 
characteristics, and the influence of aging, but this 
work is not considered complete. 

It is the consensus that any of the three principal test 
methods (i.e., hardness, bend ductility or crack sensi- 
tivity) can be used to evaluate the relative response to 
welding of a group of steels. However, it has been neces- 
sary, with any of the methods, to assign an arbitrary 
limiting factor as indicative of the probable performance 
of a steel under production welding or service loading. 
For example, in the analysis of the weld-bead hardness 
data, arbitrary levels of 250 and 350 maximum Vickers 
were assigned on the basis of experience with the steels. 
The steels were classed as weldable, unweldable or con- 
ditionally weldable (i.e., with preheat, etc.) depending 
on where their maximum hardness fell in relation to the 
arbitrarily chosen level. 

Likewise, in the analysis of the bend-angle data on 
urbitrary level of 20° was sometimes used in comparing 
the steels, on the basis that the steels which bent less 
than 20°, for a specific set of welding conditions, might 
be unsatisfactory for service (at least in weldments not 
subjected to the heat treatment which comes with ther- 
mal stress relief) because of insufficient ductility in the 
heat-affected zone. An attempt was also made to use 
the bend-angle data, in conjunction with the Lehigh 
system, for predicting the weldability of a steel of a 
specified thickness and under specified welding condi- 
tions, given the bend-duetility data for some other 
thickness and welding conditions. This analysis did 
not give very consistent results, owing to the thickness 
factor introduced during bending; it was also apparent 
that there were insufficient data, chiefly on the influ- 
ence of preheat on the bend angle, to permit a thorough 
try-out of the modified Lehigh system. 

The crack-sensitivity data permit a relative compari- 
son of the test steels, but as vet there is no firmly estab- 
lished criterion for the maximum permissible cracking, 
in the welding test used, which will predict the behavior 
of the steel in production welding. For higher-strength 
higher-manganese steels, field experience has indicated 
that those steels which crack less than about 40°% in 
the laboratory test are safe for production welding. 
Presumably this same level of crack sensitivity would 
apply for the WRC carbon-manganese steels. Because 
the incidence of underbead cracking, like the underbead 
hardness and the bend angle, varies with factors such as 
plate thickness, preheat, cooling rate and heat input, it 
is impracticable to use the limited data now available 
for predicting the cracking behavior of the WRC steels 
in production work. What is needed are more com- 
plete crack-sensitivity data for different plate thick- 
nesses and preheats, and data on the actual cooling 
rates which obtained in the crack-sensitivity tests. 
Such data would permit an analysis, in conjunction 
with the cooling-rate data already available from other 
investigations,® of the probable cracking hazards, and 
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the methods to prevent cracking by adjustments of 
cooling rate, in production welding. 

It is also risky at this stage to attempt a correlation 
of the underbead hardness, underbead crack sensitivity 
and bend ductility for a series of steels; for example, 
given weld-bead hardness data, to attempt to predict 
either the crack sensitivity or the bend ductility, or vice 
versa. Nevertheless, there is a broad relationship be- 
tween the hardness, crack sensitivity and bend-angle 
factors, in so far as they are related to the chemical 
composition of the steels. An example of this is shown 
in Fig. 1, for 1-in. plates of the commercial rolled carbon- 
manganese steels welded with E6010 electrodes. It 
must be remembered that for each of the three curves 
shown a different set of welding conditions obtained, 
and therefore a quantitative comparison of the values 
should not be made. 

It will be recalled that the cast steels showed a 
markedly different behavior than the wrought steels 
and therefore an analysis of the cast steel data, similar 
to that of Fig. 1, might show different trends. For 
example, the cast steels exhibited a higher underbead 
hardness and a lower bend angle than wrought steels of 
the same carbon equivalent; but, rather unexpectedly, 
the cast steels showed a markedly lower sensitivity to 
cracking than the equivalent wrought steels. This 
illustrates the danger of using hardness alone to predict 
the probable crack sensitivity. 

Data of the type shown in Fig. 1 will become more 
useful as additional information and experience are 
gained in the current studies on the behavior of weld- 
ments under service loads. As mentioned before, what 
is lacking is the criterion, or conversion factor, whereby 
the bend angle or hardness of a welded specimen will 
indicate the probable suitability for service of the weld- 
ment. The criterion for cracking is easier to select 
in a weldment the desired amount of cracking is zero 
and it should be possible, by a correlation of the cooling 
rates which obtained in the test and in the actual weld- 
ing operation, to determine for a given electrode what 
welding conditions are necessary to prevent cracking in 
a particular steel. 

All of the bend-ductility tests conducted in this 
investigation were made at room temperature. In view 
of the growing interest in the low-temperature behavior 
of steel weldments, it had been planned to extend the 
scope of the work to include transition-temperature 
studies of welded specimens of the carbon-manganese 
steels. One of the principal objectives of this work was 
to have been the study of the low-temperature behavior 
of welded specimens of the low-chemistry steels (e.g., 
IR, IS and 1C), which thus far have always given the 
highest weldability indications in the weld-bead hard- 
ness, crack sensitivity and bend-duetility tests. The 
thought was that as the testing temperature in the bend 
tests is lowered, there might be significantly different 
behaviors among these steels. Another objective was 
to extend the study of the difference in behavior of 
coarse- and fine-grained steels of the same composition, 
by means of transition-temperature tests. 
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Average of tests at room temp., 150 and 225° F. preheats (heat input 16,000 joules in.); data from 


Table 32, Reference 14, Appendix A. 


residual stress 


(2) Maximum hardness under 3-in. beads, 80° F. preheat (heat input 56,000 joules in.); data from 


Table 5, Reference 5, Appendix A. 


(3) Bend angle for 5' :-in. beads, 80° F. preheat (heat input 47,000 joules in.): data from Table 16. 


Reference 11, Appendix A. 


Fig. 1 


Relation between steel composition and underbead hardness, crack sensi- 


The Steel (Base Metal) 
Factors 


tivity and notched-bead bend angle, for l-in. plates of the commercial rolled carbon- 


manganese steels welded with class E6010 electrodes 


This proposed work was initially approved by the 
Steering Subcommittee of the Weldability Committee, 
but has since been suspended because it is desired to 
obtain the benefit of the results of other related inves- 
tigations before a new program on the carbon-manganese 
steels is started. 


SUMMARY 


In the following paragraphs, an attempt is made to 
list and discuss briefly some of the factors involved in 
the fabrication and performance of a steel weldment ; 
to indicate where and how the results of the welda- 
bility tests on the WRC carbon-manganese steels fit 
into the picture; and to indieate the possible lines of 
future attack, and the unfinished or only partially 
finished work that is considered necessary for a round- 
ing-out of the study of the carbon-manganese steels. 

Some of the important factors involved may be out- 
lined as follows: 

A. The Steel (Base Metal) Factors 

1. Response of the steel to welding which 
affects its behavior during welding 
2. Response of the steel to welding which 


affects its behavior in service 
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Behavior During We lding. 
The tendency of 
result of 


the steels 
to rupture during or as a direct welding 
arises either from deficiencies in directional properties 
(laminations, banding and segregation, strength in the 
direction perpendicular to the plane of rolling); or 
from the hot-cracking tendencies of the steel; or from 
its cold-crack sensitivity. In the present investiga- 
tion, only the last-named factor has been studied 

Cold cracking in the heat-affected zone adjacent to 
welds has been extensively studied, and the basic rea- 
In the 
presence of hydrogen from the welding electrode, the 


sons for it are now reasonably well understood. 


tendency of a steel to crack depends on its austenite 
transformation characteristics, which in turn depend, so 
far as the steel is concerned, on the amount and distri- 
bution of the alloving elements, the size and composi- 
tion of the carbides, and perhaps on the grain size and 
grain-coarsening tendency. In the investigations on 
the WRC carbon-manganese steels, use has been made 
of established techniques for determining crack sensi- 
tivity, and the relation of carbon, manganese and silicon 
contents to cold cracking has been established for sey- 
eral cooling rates and types of electrodes. The data on 
cooling rates are insufficient, however, to make pos- 
sible their application to predictions of the behavior of a 
steel under specific production welding conditions 
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The ecrack-sensitivity studies have indicated that 
there is a significant difference in the crack sensitivities 
of cast and wrought steels, which is not attributable to 
chemical composition alone. It would be desirable to 
investigate the reasons for this difference. 

Behavior in Service. The resistance of a welded steel 
to rupture in the heat-affected zone under strains re- 
sulting from external loads is reputed to be a function 
chiefly of the so-called “‘metallurgical damage’’ result- 
ing from welding (the hardened zone immediately 
adjacent to the weld, and the subcritically heated zone 
just beyond). Other factors which may more or less 
affeet the behavior of a weldment in service are the 
notch-sensitivity properties and the transition-tempera- 
ture characteristics (change from ductile to brittle frae- 
ture with decreasing temperature) of the steel, and also 
its aging characteristics, particularly after the strain- 
ing or heat treatment incident to the welding opera- 
tion. 

In the Battelle investigations for the Welding Re- 
search Council, the “heat effect’’ (other than cold 
cracking, discussed above) has been studied by means of 
weld-bead hardness tests, and by bend tests of bead- 
welded specimens, with and without notches, to evalu- 
ate the resistance of the heat-affected metal to fracture 
under plastic deformation at room temperature. The 
influences of chemical composition, grain size and steel 
tvpe (cast vs. wrought) have been studied and dis- 
cussed. The emphasis has been chiefly on the charac- 
teristics of the hardened heat-affected zone. Little 
attention has been paid to the possible weaknesses in 
the suberitically heated zone (which is the subject of 
study at several other laboratories), except perhaps 
indirectly in the notehed-bead bend tests, where the 
suberitical zone contributes somewhat to the nature of 
the bend angle and fracture. 

No extensive work has been done on the notch sensi- 
tivity of the various steels after welding, nor on the 
transition temperature characteristics of welded speci- 
mens. It is believed that for some of the steels, chiefly 
the low-carbon low-manganese steels which heretofore 
have exhibited uniform and similar weldability charac- 
teristics, an evaluation of transition-temperature charac- 
teristics and notch sensitivity in the heat-affected zones 
might be worth while. 

The bend tests have shown that the ductility of the 
welded specimens improves with age, either at room 
temperature or at an accelerated rate at temperatures 
of about 200° F. The reasons for this improvement 
ure not clearly understood, nor is its relation to elec- 
trode type and steel properties. 

Hardenability. While hardenability is a factor 
which is involved in both the cold-cracking and ductility 
characteristics of the heat-affected zone, it is men- 
tioned here separately because of certain observations 
that were made during the investigation on the welda- 
bility characteristics of a pair of steels with the same 
chemical composition but different grain sizes. This 
has been discussed in detail in preceding paragraphs, 
but is mentioned again to emphasize the fact that the 


334-s 


hardenability of the steels, from the welding stand- 
point, may depend a great deal not only on the com- 
position, grain size and quenching rate, but also on the 
rate of heating, the maximum temperature attained, the 
time at that temperature and the grain-coarsening 
characteristics at the high temperature. The fine- 
grained steel of the pair in question, which in normal 
hardenability tests shows a lower hardenability than 
the coarse-grained steel, will coarsen appreciably when 
heated to a higher temperature. Under the heating 
conditions in actual weld beads, the fine-grained steel is 
more affected than the coarse-grained steel as regards 
bend ductility, cracking tendency and maximum hard- 
ness. Attempts have been made to study this behavior 
of the fine- and coarse-grained steels by microscopic 
methods, .M,-M; temperature determinations, and 
hardenability tests under heating and cooling condi- 
tions simulating those in welding, but this work is quite 
incomplete. 

Influence of the Base Metal on the Weld Metal. In 
some cases, the properties of a weldment are governed 
by the properties of the weld metal, which in turn may 
be affected by the chemical composition of the plate 
being welded. In the present investigations, no attempt 
was made to measure the possible influence of the parent 
plate on the properties of the weld metal, since this 
Was not a principal objective of the weldability studies 
This might be important in a program where the effect 
of welding under restraint is under consideration 


The Welding Technique Factors 


Electrode Type. It is now generally accepted that the 
type of electrode used in making a weld has a strong 
influence on the tendency of the steel to crack in the 
heat-affected zone. The present investigations have 
shown that cold cracking is produced, under unfavor- 
able welding conditions, with any of the electrodes 
whose coatings are not specifically designed to generate 
relatively small quantities of hydrogen (for example, 
Classes £6010, £6012, £6020). On the other hand, 
when a low-hydrogen ferritic electrode (e.g., Class 
£6015) is used, no underbead cracking occurs even with 
unfavorable conditions of cooling rate and steel com- 
position. 

The bend-ductility studies with different electrodes 
indicate that the type of electrode has no significant 
influence on the bending behavior of the welded speci- 
men. Likewise, the hardness of the heat-affected zone 
is not influenced by the characteristics of the coating or 
the shielding atmosphere, but only by the welding 
current, welding speed, preheat and plate thickness, 
which are the factors that influence cooling rate. 

No studies have been made in these investigations on 
the contribution of weld-metal properties (ductility, 
submicroscopic cracking, porosity) to the behavior of 
welded specimens or weldments. 

Cooling Rate After Welding. The various items which 
affect the cooling rate after welding (and consequently 
the characteristics of the heat-affected zone) are the 
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metal mass in the weld joint and its relation to the mass 
of the parts being joined; the preheat; the welding heat 
input (current, voltage, speed, burn-off rate, slag cover- 
age); the deposition technique (bead, layer, tack, 
weave, continuous block, etc.) and the control of cooling 
after welding. 

In the present investigations, it has been shown that 
underbead hardness and underbead cracking increase, 
and bend ductility decreases, as the cooling rate is 
increased. Specifically, the cooling-rate studies in- 
cluded tests with different plate thicknesses, different 
initial plate temperatures, different welding currents and 
different welding speeds. The actual cooling rates o1 
cooling curves, for the various test conditions used, are 
unfortunately not known. It is hoped that additional 
data on this point, similar to those already published, 
will become available 

Heat Treatment After Welding. It is generally 
accepted that heat treatments after welding, including 
stress-relieving treatments at about 1100° F. and treat- 
ments such as annealing, normalizing and quenching 
and tempering, change the properties of the heat- 
affected zone, usually for the better. (The exception is 
cold cracking, which is not reduced or eliminated unless 
the heat treatment can take place immediately after 
welding, without allowing the weldment to cool down 
In the present investigations, no tests have been made 
to study the influence of stress relief or other heat treat- 
ments on the hardness and bend ductility properties of 
welded joints in the carbon-manganese steels. Some 
data on the effects of low-temperature heat treatment 
(aging) were discussed in a preceding section. 


The Design Factors 


The tests in the present investigations were not con- 
cerned directly with any of the items under ‘Design 
Factors,” except in the studies of influence of plate 
thickness on the metallurgical characteristics, which 
may be considered as part of the item “Relative Mass 
of Weld and Parts Joined.”” None of the tests made at 
Battelle for the Welding Research Council involved 
special designs to produce restraint during welding. 
Stress concentrations arising from joint geometry and 
multiaxial stresses were not studied, except as these 
factors were present in the testing of the notched-bead 
slow-bend specimen. The size effect was considered 
only briefly in the proportionality tests of notched-bead 
slow-bend specimens, discussed in a preceding section. 


The Service-Condition Factors 


Type of Load. The type of loading to which a weld- 
ment is subjected may be either static, dynamic (low- 
velocity “impact”; high-velocity “ballistie’’), repeated 
(fatigue) or sustained (creep). The data available from 
the investigations under consideration are only for 
tests made under static loading conditions. At present, 
however, static loading seems to be the most useful, for 
the purposes of weldability evaluations of the carbon- 
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manganese steels. The most likely exceptions might 
be tests of the notehed-bar properties of the carbon- 
manganese steels (in the event that a program of transi- 
tion-temperature studies of welded specimens of the 
steels should be set up) and tests at ballistic rates of 
loading, for certain applications. 

Temperature During Loading. The temperature con- 
ditions under which a weldment of the plain carbon- 
manganese steels might have to serve may be roughly 
classed as follows: normal temperatures (of the order 
of 50-! 20° F.); low temperatures (say down to —80° F. 
for brittle-fracture studies high temperatures (say 
up to 600 or 700° F.); and service at cyclic tempera- 
tures 

The loading tests of welded specimens in the present 
investigations were all conducted at room temperature. 
No data are available on the properties of the heat- 
affected zone in the various carbon-manganese steels, 
at subzero or elevated temperatures. It is believed that 
some consideration should be given to a study of the 
characteristies of some of the steels, in the welded 
condition, at subzero temperatures. Of particular 
interest in such tests would be the evaluation of the 
relative merits of the rimmed, semikilled and coarse- 
grained steels of Type 1 (low carbon, low manganese), 
and a comparison of the pairs of fine-grained and 
coarse-grained steels of higher chemistry 

Service Loads Plus Residual Stress. None of the work 
described above dealt with considerations of the influ- 
ence of residual stresses plus externally applied loads 
on the behavior of welded specimens 


UNFINISHED WORK 


To summarize briefly, the work conducted for the 
Welding Research Council at Battelle Memorial Insti- 
tute on the weldability of the carbon-manganese steels 
during the past seven years has produced numerous 
data on the hardening characteristics of the steels adja- 
cent to welds, the crack sensitivity of the steels, the 
capacity of welded sections of the steels to deform under 
load at room temperature and the influence of welding 
technique factors such as electrode type and cooling 
rate. It is believed that additional tests are necessary 
on some phases of the work in order to make the avail- 
able data more applicable for use by industry. Among 
these problems are: 

1. Evaluation of the cooling rates used in the crack 
sensitivity studies reported in Reference 14; and crack- 
sensitivity tests on '/ and !/2:-in. plates of the test 
steels, to add to the data now available on 1 in. thick- 
nesses, to determine if the crack sensitivity tends to 
change with plate thickness (i.e., change in the steel 
characteristics rather than in the cooling rate). Studies 
to determine the optimum cooling rate for maximum 
cracking are also desirable (recent tests on other types of 
steel indicate that the maximum cracking does not 
necessarily occur at the fastest cooling rates). 

2. Studies of the metallurgical characteristics and 
hardenability properties of coarse- and fine-grained 
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steels of the same chemical compositions, to determine, 
for heating and cooling rates approximating those used 
in metal-are welding, the grain coarsening, hardenability 
and ductility characteristics of the base metal. 

3. Evaluation of the behavior of welded specimens 
of the carbon-manganese steels, under deforming loads 
at a series of temperatures (transition-temperature 
studies). 

4. A study of the differences in the welding be- 
havior of cast and wrought carbon-manganese steels of 
the same composition. 


Appendix A 


LIST OF BATTELLE MEMORIAL INSTITUTE 
PROGRESS REPORTS TO THE WELDING 
RESEARCH COUNCIL ON THE WELDABILITY 
OF CARBON-MANGANESE STEEL, AND OF 
REPORTS ON THE PROJECT PUBLISHED IN 
THE WELDING JOURNAL 


1. Harder, O. E., Report on “Status of Research 
Project on Weldability of Carbon-Manganese Steels” 
to Committee II, Industrial Research Division of the 
Engineering Foundation, August 1, 1941. Unpub- 
lished, see Item 6. 

2. Harder, O. E., Report on “Status of Research 
Project on Weldability of Carbon-Manganese Steels” 
to Committee I], Industrial Research Division of the 
Engineering Foundation, August 6, 1941. Unpub- 
lished, see Item 6. 

3. Voldrich, C. B., Memorandum on “Research 
Program on Weldability of Carbon-Manganese Steels” 
to Committee I], Industrial Research Division of the 
Engineering Foundation, October 9, 1941. Unpublished, 
see Item 6. 

4. Harder, O. E., and Voldrich, C. B., Report on 
“Status of Research Project on Weldability of Carbon- 
Manganese Steels” to Committee II, Industrial Re- 
search Division of the Engineering Foundation, 
November 7, 1941. Unpublished, see Item 6. 

5. Harder, O. E., and Voldrich, C. B., Report on 
“Weldability of Carbon-Manganese Steels’? to Com- 
mittee II, Industrial Research Division, Welding Re- 
search Committee, Engineering Foundation, April 20, 
1942. Unpublished, see Item 6. 

6. Harder, O. E., and Voldrich, C. B., ““Weldability 
of Carbon-Manganese Steels; Weld-Bead Hardness and 
Weld-Bead Bend Tests,” Tuk Journat, 21 
(10), Research Suppl., 450-s to 466-s (1942). 

7. Voldrich, C. B., and Bennett, R. W., Report on 
“Weldability of Carbon-Manganese Steels—Pilot Pro- 
gram” to Subcommittee on Weldability, Welding Re- 
search Council, February 20, 1945. Unpublished, see 
Item 10. 

8. Voldrich, C. B., and Martin, D. C., Report on 
“Weldability of Carbon-Manganese Steels— Second 
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Pilot Program’ to Subcommittee on Weldability, 
Welding Research Council, June 25, 1945. Unpub- 
lished, see Item 10. 

9. Harder, O. E., Report on ‘“Weldability of 
Carbon-Manganese Steels-—Third Pilot Program,” to 
Subcommittee on Weldabilitvy, Welding Research 
Council, August 20, 1945. Unpublished, see Item 10. 

10. Voldrich, C. B., Bennett, R. W., and Martin, 
D. C., “Preliminary Study of the Notched-Bead Slow- 
Bend Test for Weldability of Steels,” THe WrLpinG 
JOURNAL, 25 (2), Research Suppl., 77-s to 90-s (1946). 

11. Voldrich, C. B., Martin, D. C., and Harder, 
O. E., Progress Report on “Weldability of Carbon- 
Manganese Steels,” to Weldability Committee, Weld- 
ing Research Council, August 1, 1946. Unpublished, 
see Item 12. 

12. Voldrich, C. B., Martin, D. C., and Harder, 
O. E., ““Notched-Bead Slow-Bend Tests of Carbon- 
Manganese Steels,” THe Wetpinc JourNnat, 26 (9), 
Research Suppl., 489-s to 507-s (1947). 

13. Veldrich, C. B., Martin, D. C., Roach, D. B., 
and Williams, R. D., Progress Report on ‘*Weldability 
of Carbon-Manganese Steels,” to Weldability Com- 
mittee, Welding Research Council, August 15, 1947. 
Unpublished, see Item 15. 

14. Voldrich, C. B., Roach, D. B., and Williams, 
R. D., Progress Report on ‘“Weldability of Carbon- 
Manganese Steels,” to Weldability Committee, Weld- 
ing Research Council, December 15, 1947. Unpub- 
lished, see Item 15. 

15. Williams, R. D., Roach, D. B., Martin, D. C., 
and Voldrich, C. B., on the Weldability of Carbon- 
Manganese Steels.” The Welding Journal, 28 (7) 
Research Suppl., 311-s to 325-s (1949.) 
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ton woth tbs weight tn Gold! 


When production groans to a halt because of bro- 
ken or fractured equipment, many shop-owners 
would gladly pay the price of gold for the few 
ounces of bronze needed for a reliable repair- 
weld. 
They don’t have to, of course. For repair-weld- DON'T SCRAP IT... BRONZE WELD IT! 
Tobin Bronze*—is a low-cost, low-temperature small, bronze welds are tough and readily machinable, 


method of oxyacetylene welding on cast or mal- high in strength and low in residual stresses—an ideal 
combination for repair welding, for building up worn sur- 
faces, and for production welding, too. Tobin Bronze and 
Over the decades that time-tried Tobin Bronze other Anaconda Welding Rods are described in this NEW, 


has served so well, many “new” rods and pro- 17th Edition of Publication B-13. Write for a copy. 


leable iron, steel or copper alloys. 


cedures have sprung up with mushroom-like 
growth, only to disappear as quickly—victims of 
their own lack of dependability! 

Whether you do your own repair welding o1 
call on outside help, play it safe—insist on genuine 
Tobin Bronze. 


THE AMERICAN BRASS COMPANY 


General Offices: Waterbury 88, Connecticut 
Subsidiary of Anaconda Copper Mining Company 
In Canada: Anaconda American Brass Ltd., New Toronto, Ont 


*Reg. U.S. Pat. Off. 
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The new Airco 800 Torch is designed 
for tough, heary-duty jobs. As shown 
in the illustration, the torch operates 
with a complete range of welding tips 
(with or without individual mixers) as 
well as heating, brazing and a variety 
of tips for other uses. No other torch 
ean offer this wide operating range. 

The torch head is of durable, long- 
wearing monel metal; thus fewer torch 
head replacements, and lower mainte- 
nance costs result. The general design 
of the new Airco 800, plus flexible 1/4” 
or 5/16" I.D. hose. assures perfect bal- 
ance and ease of manipulation .. . low- 
ered operator fatigue. 


With the addition of a cutting attache 
ment, the Airco 800 is easily converted 
to handle general shop cutting work. 

If you would like more information about 
this torch, or a FREE demonstration right in 
your own shop, address Dept. WJ 8471, 
Air Reduction, 60 East 42nd Street, 
New York 17, N. Y. In Texas: Mag- 
nolia Airco Gas Products Company, 
Houston 1, Texas. On West Coast: Air 
Reduction Pacific Company, San Fran- 
cisco 4, California. 


REDUCTION 


Offices in All Principal Cities 


Weadquarters for Oxygen, Acetylene and Other Gases . . . Carbide . . . Gas Welding and Cutting Machines, Apparatus and Supplies . . . Arc Welders, Electrodes and Accessories 


Here IS for = 
weavy Duty welding 


